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Foreword 


This is a very important book. Its importance lies in the fact that male sexual health is these days central to very many 
men’s quality-of-life. Male sexual dysfunction, resulting from aging or some disease process, such as diabetes, can 
therefore have serious, and often underestimated, repercussions. Men, particularly as they age, are extremely 
dependent on a lasting relationship with their partner for their well-being. In general, single or divorced men have a 
lower quality-of-life and higher risk of mortality than those who sustain their relationships in the longer term. 
Marital breakdown, which may be the consequence of male sexual dysfunction, can also have an impact on the next 
generation. The financial and emotional strains resulting from a fractured relationship may take a significant toll on 
the children, as well as on the two conflicted adults themselves. 

As populations around the world age and increase, the incidence of male sexual dysfunction is set to rise and rise. 
Fortunately, as so well described in this book, its management has been transformed over the last 20 years by the 
advent of safe and effective pharmacotherapy, and, in selected cases, specialized andrological surgery. Viagra is still 
the world’s most instantly recognizable pharmaceutical brand, and is now much more affordable in its generic form: 
sildenafil. However, counterfeit products, often containing hazardous ingredients, are unfortunately increasingly 
available, often over the internet, and have recently been associated with several deaths in the Far East. Intracavernosal 
injection therapy, pioneered originally by the impressive Professor Giles Brindley, has an increasingly important role 
to play in the more difficult-to-treat men, who are usually either post-pelvic surgery or longstanding diabetics. The 
third-line treatment for refractory cases of erectile dysfunction by implantation of inflatable or semi-rigid penile 
implants, which, provided that it is skillfully performed, can yield excellent results, is also well described in this excel- 
lent volume, along with other specialized surgical procedures for Peyronie’s disease and other andrological conditions 
that can impact negatively on sexual function. 

After many years in the wilderness “men’s health” is at last beginning to take center stage. Sexual health is central 
to a man’s self-esteem and well-being. I have high hopes that this book, edited by two of the world’s leading experts 
in the specialty, which I whole-heartedly commend to you, will be widely read, not only by those with a special 
interest in male sexual health, but also by generalists and family practitioners, as well as nurse specialists. Only by 
improving the lamentably deficient knowledge about the safe and effective treatment options now available for the 
very many men who are affected by male sexual dysfunction, will their lives be improved and their relationships 
preserved. This is undoubtedly a most laudable ambition. 


Roger Kirby 

The Prostate Centre 
London 

W1G8GT 


CHAPTER 1 


Epidemiology of male sexual dysfunction 


Raanan Tal 
Rambam Healthcare Campus, Haifa, Israel 


The broad term of sexual dysfunction includes erectile 
dysfunction, ejaculatory dysfunction, hypogonadism 
and low sexual desire, Peyronie’s disease and other 
penile morphological alterations, and urinary inconti- 
nence associated with sexual function. Knowledge of 
the epidemiology of various sexual dysfunctions is 
important in designing sexual health programs and 
allocation of budget and healthcare resources, in 
patients’ and partners’ education, and in clinical 
assessment of individual subjects. There are numerous 
epidemiologic studies in the contemporary medical lit- 
erature, comprehensively detailing the prevalence of 
sexual dysfunctions; however, reported epidemiologic 
data vary greatly. Several factors account for these 
inconsistent data. The main one is probably the defini- 
tion used to define a particular sexual dysfunction. For 
example, in selected high-quality studies reporting on 
erectile function outcome in the post radical prosta- 
tectomy male population, more than 20 different 
definitions of favorable erectile function were used. 
Hence, the reported incidence of adequate erectile 
function varies, ranging from 25 to 78%.’ Since the 
definition of sexual dysfunction is not unified, it is 
not unreasonable to expect variation in sexual 
dysfunction epidemiologic data: the higher the thres- 
hold for normal sexual function, the greater is the 
incidence of sexual dysfunction. Moreover, sexual 
dysfunction is commonly assessed using questionnaires. 
More objective modalities, such as hemodynamic 
assessment of the penis by Doppler ultrasound of the 
erect penis to establish a diagnosis of vasculogenic 
erectile dysfunction, or stopwatch-measured intravaginal 
ejaculatory latency time for establishing a diagnosis of 
premature ejaculation, are not commonly employed to 


define a sexual dysfunction. Not surprisingly, the type 
of questionnaire used in a certain study may also have 
an impact on epidemiologic findings.? Another issue in 
sexual function epidemiologic research is the study 
population, as the prevalence of sexual dysfunction 
varies greatly according to age, risk factors, demographic 
population characteristics, and other population-related 
factors.** An important consideration in the epidemi- 
ology of sexual dysfunction is the existence of specific 
risk factors in specific populations. There are many 
well-studied risk factors for sexual dysfunction.’ 
Common risk factors include cardiovascular diseases, 
obesity, hypertension, hyperlipidemia, smoking, lower 
urinary tract symptoms, radical pelvic surgery and, of 
course, diabetes.'*"'? Radical pelvic surgery has a multi- 
faceted impact on sexual function. For example, radical 
prostatectomy affects erectile function mainly by dis- 
ruption of neural pathways, causing un-ejaculation 
resulting from removal of anatomic structures — the 
prostate and seminal vesicles — and increasing the risk of 
urinary incontinence during sexual activity owing to 
urinary sphincter weakness and even increasing the 
risk of penile morphologic changes, penile length loss, 
and Peyronie’s disease.'*!* There are also other, less 
commonly discussed but nonetheless important, factors 
that may be associated with the epidemiology of sexual 
dysfunction. It has been suggested that the prevalence 
of sexual dysfunction may be related to the availability 
of therapies and interventions for sexual dysfunction.* 
New therapies may increase patients’ and partners’ 
awareness and hence increase reporting of sexual 
dysfunction. In the light of these difficulties in measuring 
and reporting sexual dysfunction, epidemiologic data 
should be interpreted cautiously. 
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2 Chapter 1 


Erectile dysfunction 


Erectile dysfunction is the most commonly researched 
and discussed sexual dysfunction, and the most 
prevalent sexual dysfunction in older men. The first 
landmark study that looked at the epidemiology of 
erectile dysfunction was the Massachusetts Male Aging 
Study, by Feldman et al. and published in 1994.!° This 
was a community-based observational study, and looked 
at a random sample of non-institutionalized men aged 
40-70 years in the Boston area. Erectile function was 
assessed by a self-administered questionnaire, and the 
study’s main findings were that the combined preva- 
lence of minimal, moderate, and complete impotence 
was as high as 52%; subject age was the variable most 
strongly associated with impotence; and the prevalence 
of complete impotence tripled from 5 to 15% between 
subject ages 40 and 70 years.” Another pivotal erectile 
dysfunction epidemiologic study was the Cologne Male 
Survey by Braun et al., published in 2000.'° This study 
looked at a European population, not a random 
sample but a representative sample of 8000 men, using 
a validated questionnaire. Results of this study were 
based on approximately 4500 evaluable questionnaires 
yielding a response rate of 56%. The prevalence of erectile 
dysfunction in this study was 19.2%, with a steep age- 
related increase (2.3 to 53.4%) and a high rate of condi- 
tions comorbid with erectile dysfunction — hypertension, 
diabetes, pelvic surgery, and lower urinary tract 
symptoms — corroborating findings of earlier studies 
of different populations. The most extensively studied 
risk factors for erectile dysfunction are cardiovascular 
risk factors, primarily diabetes, and other risk factors, 
including the metabolic syndrome and its components 
(abdominal obesity, dyslipidemia, hypertension, and 
impaired fasting glucose), smoking, ischemic heart disease, 
and peripheral vascular disease and other cardiovascular 
risk factors.”'*'7 Recognition of these important risk 
factors, especially modifiable cardiovascular risk factors, 
may improve patient knowledge and awareness, and 
provide a window for cardiovascular disease diagnosis 
and early intervention in men with newly diagnosed 
erectile dysfunction, leading to not only better sexual 
health but also better overall health.'*°? The main 
pathophysiologic link between erectile dysfunction 
and cardiovascular morbidity is probably endothelial 
dysfunction.?! However, there are risk factors other than 
cardiovascular ones, both organic and psychological, 


that are associated with increased risk of erectile 
dysfunction. Among the significant organic non- 
vascular risk factors is Peyronie’s disease, an under- 
diagnosed condition in men presenting with newly 
diagnosed erectile dysfunction.” Peyronie’s disease may 
contribute to the development of erectile dysfunction 
probably by altering the elastic properties of the penile 
tunica albuginea.” Another not uncommon risk factor 
for erectile dysfunction is testosterone deficiency (hypo- 
gonadism). It is well established that adequate testos- 
terone levels are required not only for the penile 
vascular response during erection, but also to preserve 
penile structural integrity.**?°> Erectile dysfunction is 
more prevalent in men with certain non-organic risk 
factors, such as emotional, couple related, and socioeco- 
nomic factors, creating a complex picture when the 
epidemiology of erectile dysfunction is discussed in 
certain specific populations.” A good example of an 
emotional risk factor for erectile dysfunction is depres- 
sion. In a study by Shiri et al. the incidence of erectile 
dysfunction was 59/1000 person-years in men with 
depressive mood and 37/1000 person-years in those 
without depression.” Theses authors also found that the 
association of depression and erectile dysfunction is 
bidirectional: not only were men with depression at 
increased risk for erectile dysfunction, but also men 
with erectile dysfunction were at increased risk for 
depression. 

In summary, the prevalence of erectile dysfunction is 
high and age-dependent, with more than half of men at 
age of 50 years or older being affected. There are many 
risk factors for erectile dysfunction, hence epidemio- 
logic data in specific populations should be viewed with 
careful consideration of the specific characteristics of the 
population reviewed. 


Premature ejaculation 


Premature ejaculation is likely the most common sexual 
dysfunction in men across all age groups and popula- 
tions, with a worldwide prevalence of approximately 
30%. For clinical research purposes the accepted 
definition of premature ejaculation is an intravaginal 
ejaculatory latency time (IELT) of 1-2 minutes; a pro- 
spectively stopwatch-measured IELT is preferred over 
self- or partner-reported IELT upon recall. While there 
is a definition of premature ejaculation for research 
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purposes, in clinical practice there is no agreed defini- 
tion. Waldinger et al. surveyed a population of 500 cou- 
ples who were recruited from five countries, aged 18 
years or older, had a stable heterosexual relationship for 
at least 6 months, with regular sexual intercourse. In 
their study, the median IELT was 5.4minutes and the 
range was 0.55 to 41 minutes.” In their study, the 
median IELT decreased significantly with age, from 
6.5minutes in the 18-30 years group, to 4.3 minutes in 
the group older than 51 years, while other studies did 
not show this age-related increase in prevalence of 
premature ejaculation.*’*? Regardless of whether the 
prevalence of premature ejaculation is clearly age- 
related or not, it is obvious that in younger men who 
are less likely to have other sexual dysfunctions such as 
organic erectile dysfunction, premature ejaculation is 
the most prevalent sexual dysfunction. In the real-world 
clinical setting, the use of stopwatch IELT to define pre- 
mature ejaculation is definitely not a practical approach. 
Other ways to categorize men as having premature ejac- 
ulation are based on men self-reporting low or absent 
control over ejaculation irrespective of the duration of 
the ejaculation time, on the resulted distress for them or 
their sexual partner or both, or on patients’ report that 
they “climax too soon.” Indeed, in a Canadian web- 
based study of more than 3800 men, the prevalence of 
premature ejaculation (PE) ranged from 16% to 24% 
depending on the definition of PE utilized.*! The eti- 
ology underpinning this high prevalence remains to be 
clarified, but current evidence reflects a shift from psy- 
chogenic theories to more neurobiological bases. While 
elucidation of the etiology of premature ejaculation is 
undoubtedly important for development of more effec- 
tive therapies, it is clear that, whatever the cause of the 
condition, it is associated with a significant burden on 
psychological and overall health.” Generally, men with 
premature ejaculation are more likely to self-report 
other sexual dysfunctions (e.g., anorgasmia, low libido, 
erectile dysfunction) and psychological disturbances 
(e.g., depression, anxiety, excessive stress) than men 
without PE.” Similarly, as for other sexual dysfunctions, 
the epidemiology of PE may vary in special groups. Tang 
and Khoo showed that PE prevalence varied according 
to ethnicity.” It is worth mentioning that in their study, 
which included men in a primary care setting not a gen- 
eral population sample, the prevalence of PE was about 
40%, significantly higher than in the general population. 
Shindel et al. looked at the prevalence of PE in another 


population of great interest, infertile couples, and found 
that about 50% of men reported that they ejaculated 
more rapidly than they wished. When men reported PE, 
their partners agreed with the diagnosis in 47% of cases. 
Female partners of men who did not report PE, reported 
PE in 11% of cases. Partner frustration related to PE 
was reported by 30% of men. Partners agreed that they 
were frustrated in 43% of these cases. Among the 70% 
of men who did not report partner frustration from 
PE, 93% of the partners agreed that they were not 
frustrated. 

In summary, PE is hard to define exactly, yet it is the 
most prevalent sexual dysfunction and the most 
significant sexual dysfunction in young men. 


Peyronie’s disease 


Peyronie’s disease is commonly undiagnosed.** The 
main clinical symptom is penile curvature; however, 
men may have significant Peyronie’s disease, mani- 
fested by penile plaques, erectile dysfunction, penile 
pain, and penile shortening, even without a curvature. 
Not uncommonly, the underlying cause of erectile 
dysfunction in poor responders to phosphodiesterase 
5 inhibitors is Peyronie’s disease. The diagnosis of 
Peyronie’s disease in these men is established by physical 
examination and penile Doppler ultrasound in certain 
cases.’ Moreover, in men who are not sexually active or 
in men who are sexually active without achieving erec- 
tion and performing penetration, the penile curvature 
may not be seen and Peyronie’s disease may exist but 
remain undiagnosed. Therefore, the reported preva- 
lence of Peyronie’s disease depends on the manifesta- 
tions of this condition, on a high index of suspicion, and 
on patients, partners, and sexual health care providers’ 
awareness. Epidemiological data on Peyronie’s disease 
are limited. Prevalence rates of 0.4-9% have been pub- 
lished, but the majority of the medical literature 
supports a prevalence rate of 3-8% or 5-8%.***” In the 
past, Peyronie’s disease was considered a condition that 
is limited to older men. However, newer data show that 
Peyronie’s disease does occur also in younger men and 
even in teenagers, but the prevalence in these very 
young men remains unknown.’ Men younger than 40 
years are more likely to present at an earlier stage of 
Peyronie’s disease, to have diabetes, and to have more 
than one plaque at the time of presentation.*’ In certain 


4 Chapter 1 


populations at risk, the prevalence of Peyronie’s disease 
is far greater. Diabetes, genetic predisposition, trauma of 
the penis, systemic vascular diseases, smoking, and 
alcohol consumption are all mentioned in the medical 
literature as risk factors for Peyronie’s disease.*°*! In dia- 
betic men, not only is Peyronie’s disease more preva- 
lent, but also it tends to manifest in older age, and 
present with longer duration and greater severity: There 
is greater penile curvature and more pronounced penile 
deformity, and a greater prevalence of coexisting erec- 
tile dysfunction, probably resulting both from penile 
structural alterations due to Peyronie’s disease itself and 
from diabetic vascular disease.” Tal et al. looked at the 
incidence of Peyronie’s disease in a very distinct 
population consisting of men who had had radical 
prostatectomy as a monotherapy for prostate cancer, 
and calculated the 3-year post-prostatectomy incidence 
to be 16% and a mean time to presentation of 14 
months after surgery.'* Rhoden et al. conducted a case- 
control study to shed more light on Peyronie’s disease 
risk factors, and found that race is a strong risk factor 
for Peyronie’s disease, with an odds ratio of 8.5.” 
Interestingly, in this study, higher low-density lipopro- 
tein (LDL)-cholesterol level (>130 mg/dL) and increased 
waist circumference (>102 cm) actually had a protective 
effect in Peyronie’s disease, with an odds ratio of 0.5 for 
both. Moreno and Morgentaler investigated the 
association of testosterone deficiency and Peyronie’s 
disease. Their study is of special significance since testos- 
terone is a principal anabolic hormone in men and def- 
initely has a major role in maintaining the health of 
penile tissues. In their pilot study, the severity of penile 
curvature correlated significantly with free testosterone 
level but not with total testosterone level, and a possible 
important association between testosterone deficiency 
and Peyronie’s disease was suggested.“ Besides the epi- 
demiology of Peyronie’s disease itself, sexual healthcare 
professionals should be aware of the epidemiology of 
emotional conditions in Peyronie’s disease, which are 
under-represented in the medical literature and often 
under-diagnosed and treated in daily clinical practice. 
Consistent data from two leading sexual medicine cen- 
ters in the United States show that the psychological 
burden in men with Peyronie’s disease is great, possibly 
greater than in men with other sexual dysfunctions.*”*° 
Overall very high rates of emotional burden and rela- 
tionship problems attributable to Peyronie’s disease 
were found: 81% and 54%, respectively, predictors of 


which were penile length-loss and inability to have 
intercourse. Using validated instruments, it was demon- 
strated that 48% of men with Peyronie’s disease had 
clinically meaningful depression that would warrant 
medical evaluation. This high level of depression stayed 
consistent across time since diagnosis, suggesting that 
most men do not psychologically adjust to their diag- 
nosis of Peyronie’s disease; all men with Peyronie’s dis- 
ease should be considered for appropriate mental health 
screening. This high prevalence of psychological 
morbidity may be attributable to the fact that there is 
no fully effective treatment for Peyronie’s disease, and 
men with symptomatic Peyronie’s disease will never 
regain their pre-morbid penile function, appearance, 
and length. 

In summary, the epidemiology of Peyronie’s disease is 
intriguing: Its prevalence is higher and its age distribu- 
tion is broader than previously thought; there are 
numerous suggested risk factors and a very high risk of 
associated psychological morbidity, inherent to changes 
in penile appearance and function, that should not be 
overlooked. 


Hypogonadism 


Hypogonadism (low testosterone) is under-diagnosed 
and under-treated. The significance of hypogonadism 
diagnosis and treatment cannot be over-emphasized, as 
androgen receptors and testosterone activity exist in 
most body tissues, organs, and systems. Testosterone 
deficiency effects are not limited to sexual function: 
besides desire and erection, it may also affect bone 
health, muscle mass, hematopoiesis, cognitive function, 
spermatogenesis and seminal fluid production, vascular 
and cardiac performance, lipid and glucose metabolism, 
and many other metabolic, primarily anabolic, processes. 
The key to diagnosis is awareness of the high prevalence 
of testosterone deficiency, identification of populations 
at risk, and early symptoms and laboratory evaluation. 
Worth mentioning is that symptoms of hypogonadism 
are not specific and can be attributed to other medical 
conditions, such as hypothyroidism or depression. 
Therefore, questionnaires are neither sensitive nor 
specific for hypogonadism screening or diagnosis, and 
must be combined with measured plasma testosterone 
levels.*”48 Clinically, it was suggested that the findings 
that are best correlated with late onset hypogonadism 
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are sexual symptoms (poor morning erection, low 
sexual desire, erectile dysfunction) and total testos- 
terone level of less than 11nmol/L (<320ng/dL).” 
Epidemiologic questionnaire-based studies without tes- 
tosterone measurement failed to correctly define the 
true prevalence of hypogonadism, yielding an over- 
estimated prevalence of up to 80%.*° Combining hypo- 
gonadism symptoms and plasma testosterone levels, 
Araujo et al. found that the overall prevalence of symp- 
tomatic testosterone deficiency in a random sample of 
men from the Boston Area Community Health Survey 
was 5.6%. In this study, symptomatic testosterone defi- 
ciency prevalence increased with age, yielding a preva- 
lence of 18.4% in men over 70 years old.*! Age-related 
increased prevalence of hypogonadism was also demon- 
strated in the Baltimore Longitudinal Study of Aging: 
the prevalence of hypogonadal testosterone levels was 
about 20% in men over 60 years old, 30% in men over 
70 years old, and 50% in those over 80 years of age, 
using total testosterone criteria; the prevalence was 
even greater when free testosterone criteria were 
employed.” The prevalence of testosterone deficiency is 
increased in men with certain risk factors such as 
diabetes, cancer, lung disease, other systemic diseases, 
obesity, the metabolic syndrome, and erectile 
dysfunction, and in men with reduced mass and 
function of testicular tissue, for example, infertile men, 
men having varicocele, and men after unilateral orchi- 
ectomy.”*->’ Diabetes is a well-studied risk factor for tes- 
tosterone deficiency: in a study by Corona et al. the 
prevalence of hypogonadism was 24.5% in diabetic 
men versus 12.6% in non-diabetic subjects, which was 
statistically significant after adjustment for age and body 
mass index (BMI). Similar results were recently pub- 
lished by Al Hayek et al.: the prevalence of hypogonad- 
ism was 24.3% in diabetic and 8.3% in non-diabetic 
patients.” Hypogonadism also is common in men with 
erectile dysfunction, with a reported prevalence of 
approximately 30-40%.**°? Not uncommonly, erectile 
dysfunction is the presenting symptom. This population 
of men presenting with erectile dysfunction deserves 
special attention: it is a unique opportunity to impact 
men’s health. Correct evaluation and management of 
testosterone deficiency and other cardiovascular risk 
factors may actually reduce future cardiovascular mor- 
bidity and mortality. Therefore, symptomatic treatment 
of erectile dysfunction in these men without in-depth 
risk factor identification should be discouraged. 


Less discussed risk factors for hypogonadism include 
poorly functioning testicular tissue and/or reduced 
testicular mass. Hypogonadism is more common 
among infertile men, with an estimated prevalence of 
20-30%.° Men with non-obstructive azoospermia, 
especially in Klinefelter’s syndrome, are at even greater 
risk. Surgical sperm retrieval procedures may cause 
further testicular tissue insult and reduce Leydig cell 
mass and testosterone production. While azoospermia 
is uncommon in men (0.5-2%), varicocele is fairly 
common, with an incidence of 15% in the general male 
population and up to 40% in infertile men. Recent 
studies have shown that men with varicocele are at 
increased risk for low testosterone levels; furthermore, 
varicocele repair may increase testosterone levels 
and may be considered as a definitive treatment for 
hypogonadism.*!° 

In summary, hypogonadism is a treatable cause of 
sexual dysfunction. While sexual dysfunction may be 
the presenting symptom, the benefits of testosterone 
level normalization are much broader. Awareness of the 
epidemiology of testosterone deficiency, especially in 
high-risk populations, is the key to diagnosis and 
treatment. 
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CHAPTER 2 


Physiology of ejaculation 


Marcel D. Waldinger 
Drexel University College of Medicine, Philadelphia, PA, USA 


Introduction 


From the moment a man gets sexually aroused until he 
ejaculates there is a remarkable and very intriguing 
closely synchronized cooperation between his brain, 
his spinal cord, and his genital system. When a man 
starts to make love with his partner, his brain has to 
decipher the affective and erotic load of tactile impulses 
that come from the skin of various parts of his body, 
including the skin of his genitals. Indeed, in such cir- 
cumstances the brain has to decipher the information 
that comes along with the notion of being touched by 
another person. The nervous system contains special 
nerve fibers that convey “affective” information when 
being touched and run from the skin to the central 
nervous system. This has only recently been discov- 
ered. These nerve fibers are called low threshold mech- 
anoreceptive C tactile (CT) afferents.’ They enable the 
brain to perceive with which “feelings” another person 
is touching the skin. However, research of these fibers 
in relation to erotic touch or sexuality is still in its 
infancy. These fibers are important not only for human 
beings but also for animals. By the activation of these 
affective peripheral nerve fibers an animal perceives 
the affective state of the other animal that is touching 
his or her hairy skin. 

This chapter will describe the function of the anato- 
mical structures that are required for ejaculation. 
Physiology is the term to denote this function. 


The spinal cord and the brain 
of male rats 


Ejaculation, that is, the rhythmic forceful expulsion of 
semen, results from a closely synchronized coopera- 
tion between different peripheral nerves, the spinal 
cord, and the brain. There are two successive phases 
during this synchronized coordination, emission 
and expulsion. The first phase starts in the spinal 
cord once the brain is informed that sexual activity is 
at hand. 

Research in male rats has provided us with 
fundamental knowledge of what is actually happening 
during ejaculation at a physiological level. The 
synchronized coordination is mediated by a group of 
spinothalamic neurons in the lumbar part of the spinal 
cord. These neurons have been called the spinal gener- 
ator of ejaculation (SGE).** They run from the spinal 
cord (“spino”) to the thalamus (“thalamic”) in the brain. 


The spinal cord and the SGE 

The SGE has been investigated in male rats since the 
1980s.” In rodents it has been found that the SGE is 
located in lamina X and the medial part of lamina VII 
around the central canal, at the third and fourth lumbar 
(L3-L4) spinal segments. Afferent fibers in neurons 
from the genitals, conveying sensory information, ter- 
minate in the SGE. In the SGE these neurons contact 
interneurons that convey information to various other 
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neurons. These interneurons contain the neuropeptides 
galanin, cholecystokinin, enkephalin, and gastrin- 
releasing peptide, and express neurokinin-1 (NK1), 
NMDA, and androgen receptors. A number of neurons 
of the SGE run to a very specialized area in the thalamus 
in the brain, the so-called parvocellular part of the 
subparafascicular nucleus of the thalamus. Therefore 
these neurons in the SGE are called lumbar spino- 
thalamic (LSt) cells. Other neurons of the SGE make 
contact with spinal nuclei of the autonomic nervous 
system and somatic neurons. 


The brain and the SGE 

The SGE not only receives information from peripheral 
neurons and conveys their information to other 
neurons, but also its activity is mediated by the brain. 
The male rat brain contains a specific network for ejac- 
ulation (for review see Refs 5,6). As the localization of 
these specific neurons is bound to very tiny specific 
places in the brain, the names of their localization have 
become rather long and difficult to pronounce. They are 
located in the medial amygdala (posterodorsal part), 
the thalamus (parvicellular subparafascicular nucleus), 
the stria terminalis (posteromedial bed nucleus), the 
hypothalamus (posterodorsal and medial preoptic 
nuclei, paraventricular nucleus, and lateral hypothal- 
amus), and the pons (raphe and gigantocellular nuclei). 
Neurons in these areas project to the medial preoptic 
area (MPOA), a key center in the control of ejaculation. 
The MPOA in turn contacts the caudal raphe and gigan- 
tocellular nuclei either directly or after relaying in 
periaqueductal gray’ and the paraventricular nucleus of 
the hypothalamus (PVN).® 


Peripheral nerves and ejaculation 


In order to get an ejaculation integration of three sorts 
of nerve fibers has to be established: sympathetic neu- 
rons, parasympathetic neurons, and somatic nerves. 
These neurons originate in different areas of the spinal 
cord. Notably, when nerves convey information from 
the periphery (e.g., from the skin) to the central ner- 
vous system the nerve is called an afferent neuron. In 
contrast, when a nerve runs from the central nervous 
system to the periphery it is called an efferent neuron. 
In the case of ejaculation, both afferent and efferent 
neurons play a role in its neurophysiology. 


Afferent neurons 

The SGE receives information from the genitals through 
two afferent nerve pathways: the dorsal nerve of the 
penis and sympathetic neurons. These sensory afferent 
neurons terminate in the medial dorsal horn and the 
dorsal gray column of the spinal cord.”? 


The dorsal nerve of the penis 

The dorsal nerve of the penis is the end branch of the 
pudendal nerve. It is a sensory nerve, which means that it 
only conveys sensory information from the penis to the 
spinal cord and the brain. It receives sensory information 
from sensory receptors in the penile skin, prepuce, and 
glans.'°'! These sensory receptors are free nerve endings!” 
and also encapsulated receptors (so-called Krause-Finger 
corpuscles) in the glans penis.!? Stimulation of these 
Krause-Finger corpuscles facilitates the ejaculatory reflex. 


Sympathetic nerves of the genitals 

Sympathetic neurons from the genitals accompany 
the hypogastric nerve and, after passing through the 
paravertebral lumbosacral sympathetic chain, enter the 
spinal cord via thoracolumbar dorsal roots. 


Efferent neurons 
From the SGE three sorts of neurons are sent to the 
genitals: sympathetic neurons, parasympathetic neurons, 
and somatic neurons. 


Sympathetic neurons 

The cell bodies of the sympathetic neurons are located 
in the thoracolumbar part of the spinal cord. The 
sympathetic neurons leave the spinal cord through the 
ventral roots. They first run to the paravertebral 
sympathetic chain. From this relay station they run 
directly via the splanchnic nerves to the intermesen- 
teric ganglia (IMG), but may also reach the intermesenteric 
ganglia indirectly by first relaying in the celiac 
superior mesenteric ganglia (CSMG) to reach the IMG 
via intermesenteric nerves (IMN).'* 

Emanating from the IMG (which is called the superior 
hypogastric plexus in humans) are the hypogastric 
nerves. These sympathetic nerves join the parasym- 
pathetic nerves in the pelvic nerve and together they 
form the pelvic plexus.'* 

From the pelvic plexus both sympathetic and 
parasympathetic nerves innervate the anatomical 
structures that are involved in ejaculation. 
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Parasympathetic neurons 

The cell bodies of the parasympathetic neurons are 
located in the sacral parasympathetic nucleus (SPN),” 
in the sacral spinal cord of a human. The parasympathetic 
neuron fibers travel in the pelvic nerve and are later 
joined by the sympathetic neuron fibers from the 
hypogastric nerves. Both the parasympathetic and 
sympathetic nerve fibers run to the pelvic plexus, which 
is called the inferior hypogastric plexus in humans. 
From this plexus the parasympathetic neuron fibers 
reach the pelvic anatomical structures that are involved 
in ejaculation. 


Somatic neurons 

In humans the cell bodies of somatic neurons are 
located in the sacral spinal cord (Onuf’s nucleus). These 
somatic neurons proceed via the motor branch of the 
pudendal nerve to the pelvic floor striated muscles, 
including the bulbospongiosus and ischiocavernosus 
muscles.!° 


Emission and the autonomic 
nervous system 


The emission phase 

During the emission phase of ejaculation, the follow- 
ing genital anatomical structures play a major role: 
testis, epididymis, ductus deferens, vesica seminalis, 
prostate, bladder neck, and prostatic part of urethra. 
In addition, during emission, the functionality of 
particularly the autonomic (e.g., sympathetic and 
parasympathetic) centers in the thoraco-lumbar-spinal 
cord are essential. 


Testis and epididymis 

Spermatozoa are produced in the seminiferous tubules 
of the testes and translocated into the head of the epi- 
didymis. The epididymis, consisting of epithelial cells, 
connective tissue, and smooth muscle cells, consists of 
three parts: the head (caput), the body (corpus), and 
the tail (cauda). The spermatozoa in the seminiferous 
tubules and early epididymis are non-motile but 
become motile after maturation (18-24 hours) along 
the epididymis.'* Mature spermatozoa are stored in 
the tail of the epididymis. During sexual arousal 
they are released in the ductus (or vas) deferens. 


The volume of spermatozoa is only less than 0.1 % of 
the total volume of the ejaculate. 


Ductus deferens 

The ductus deferens passes through the inguinal canal 
to enter the pelvic cavity. There it joins the excretory 
duct of the seminal vesicle forming the ejaculatory duct. 
The ejaculatory duct traverses the prostate and opens 
into the prostatic portion of the urethra via the veru- 
montanum (a 2-3mm high intraluminal urethral crest 
in humans). The last part of the ductus deferens is 
enlarged to form the ampulla. 

During the emission phase of ejaculation, strong 
peristaltic contractions of the ductus deferens bring 
spermatozoa into the ejaculatory duct and then into the 
urethra, where they are mixed with seminal fluids, 
excreted by the prostate and vesica seminalis. 


Seminal vesicles 

The seminal vesicles are two tubular glands lying 
between the posterior wall of the bladder base and 
the rectum. Each vesicle joins with the ductus deferens 
as it enters the prostate to form the ejaculatory duct. 
Epithelial cells of the inner layer of the seminal 
vesicles secrete 50-80% of the entire ejaculatory 
volume.'* 

The seminal vesicle secretions are thick, alkaline, and 
contain substances providing the spermatozoa with a 
protective and nutritive environment.'* 

During the emission phase of ejaculation, seminal 
vesicle fluid is expelled into the prostatic urethra via the 
excretory duct following contractions of smooth muscle 
cells of the gland. 


Prostate 

The prostate produces 15-30% of the total volume of 
sperm. Prostatic secretions are milky, slightly alkaline, 
and enhance spermatozoan survival. During the 
emission phase of ejaculation, muscular elements of the 
gland contract and eject the secretions into the prostatic 
urethra via the prostatic ducts and the utricle opening 
into the verumontanum. 


Cowper's glands 

The bulbourethral, or Cowper’s glands are located pos- 
terolaterally to the membranous portion of the urethra 
at the level of the urogenital diaphragm. Bulbourethral 
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gland excretory ducts extend forward through the 
urogenital diaphragm and open into the cavernous 
urethra. Bulbourethral clear thick secretions are poured 
into the urethra as sexual arousal increases. Their role 
is dual: neutralizing urine acidic residues and lubricating 
the urethra before sperm passes through.'* 

The seminal fluid with spermatozoa (semen) is poured 
into the posterior urethra via phasic contractions of the 
glands and their ducti while the bladder neck is firmly 
closed to prevent backflow into the bladder. 


Expulsion and the somatic 
nervous system 


During the expulsion phase of ejaculation, the following 
genital anatomical structures play a major role: urethra, 
pelvic floor striated muscles, bulbospongiosus muscle, and 
ischiocavernosus muscle. In addition, during expulsion, 
the functionality of particularly somatic spinal centers 
and nerves is important. 

Somatic centers innervate the pelvic floor striated 
muscles, particularly the bulbospongiosus and ischio- 
cavernosus muscles. The contractions of both muscles 
enable the expulsion of semen from the urethra. The 
bulbospongiosus muscle encompasses the median part 
of the penile root (bulb). The ischiocavernosus muscles 
surround the lateral roots of the penis (cura). 

While the external urethral sphincter relaxes, intense 
rhythmic contractions of both muscles compress the 
urethra and corpus cavernosum. These contractions 
lead to the characteristic forceful pulsatile expulsion of 
sperm. Their intense contractions also contribute to 
further rigidity of the penis and probably also to the 
orgasmic feeling. 


The central nervous system 
and ejaculation 


In the SGE peripheral information from the genitals 
is integrated with information from the brain. his 
information can be summarized as either excit- 
atory or inhibitory information affecting a spinal 
ejaculatory reflex. Actually, the extent of central 
serotonin (5-hydroxytryptamine, or 5-HT) neurotrans- 
mission and activity of certain 5-HT receptors determine 


whether the spinal ejaculatory reflex is inhibited or 
facilitated. This mechanism of action of serotonin is 
actually the mechanism by which selective serotonin 
reuptake inhibitors (SSRIs) modulate the duration of 
the intravaginal ejaculation latency time (IELT) in men 
and the ejaculatory latency (EL) in rodents. 

However, it is in the brain that information from all 
the senses (visual, auditory, olfactory, gustatory, tactile) 
together with feelings, emotions, perceptions, and erot- 
icism are integrated in cerebral (somato)sensory areas 
and also become integrated with motor centers that in 
turn provide descending information to the SGE. 

Most detailed information of the brain areas involved 
in ejaculation is derived from studies of male rats. These 
animal studies were performed long before clinicians 
started to become interested in the neurobiology of 
ejaculatory disorders, for example, premature ejaculation. 
Particularly, studies using Fos protein expression as a 
marker for neuronal activity have contributed to our 
current knowledge on which brain areas are involved in 
ejaculation." 

The brain structures that play a specific role in 
ejaculation are medial amygdala (posterodorsal part) 
(MeApd), the thalamus (parvicellular subparafascicular 
nucleus) (SPFp), the stria terminalis (posteromedial bed 
nucleus) (BNSTpm), the hypothalamus (posterodorsal 
preoptic nucleus 
and lateral hypothalamus), and the pons (raphe and 


(PNpd), paraventricular nucleus, 


gigantocellular nuclei).'* 

Connections between these substructures and the 
medial preoptic area (MPOA) of the hypothalamus have 
to be 
Experiments have shown that emission and expulsion 


been found essential for ejaculation.'”'* 
disappear after lesioning the MPOA,”’ or can be elicited 
by chemical”?! or electrical??? stimulation. The MPOA 
has no direct connection with the SGE in the spinal 
cord. However, the MPOA affects the two ejaculatory 
phases by interconnecting with other areas in the brain 
that are involved in ejaculation: the paraventricular 
nucleus of the hypothalamus (PVN),” the periaqueduc- 
tal gray (PAG),” and the paragigantocellular nucleus 
(nPGi) of the medulla oblongata.”® 

The parvocellular neurons of the PVN directly inner- 
vate autonomic neurons in the lumbosacral spinal 
cord???’ and the pudendal motoneurons located in the 
L5-L6 spinal segments in rats.” The PVN also has direct 
neuronal connections with the nPGi in the brainstem.”® 
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Chapter 2 


Orgasm 


In normal circumstances an ejaculation is accompanied 


by an orgasmic sensation. Orgasm is a complex neuro- 


physiological process that consists of an intense cerebral 


discharge but also whole-body physiological changes.'* 


The exact area in the brain where the orgasmic sensa- 


tions are produced is not yet identified. However, in 


recent years brain imaging studies have provided new 


data about the areas that are activated and/or inhibited 


during orgasm. For example, in a positron emission 


tomography (PET) study in healthy male volunteers it 


was found that at the time of ejaculation, the strongest 


activation was found in the mesodiencephalic transition 


zone including the ventral tegmental area (VTA), SPFp, 


and medial and ventral thalamus. These thalamic areas 


are known to be associated with rewarding processes, 


visceral sensory responses, and control of pelvic floor 


motoneurons and sympathetic preganglionic neurons 


throughout the spinal cord.'* This study and various 


other brain imaging studies have provided indications 


that the VTA is a key area of the neuronal substrate of 


orgasm. 
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CHAPTER 3 


Physiology of penile erection 


Uwais B. Zaid, Xiaoyu Zhang, and Tom F. Lue 


University of California, San Francisco, USA 


A better understanding of smooth muscle physiology, 
the nitric oxide pathway, neurophysiology, and 
functional penile anatomy has been instrumental in 
gaining a deeper understanding of erectile physiology. 
Knowledge of normal physiology aids in understanding 
the pathophysiology and developing potential therapeutics 


for erectile dysfunction. 


Functional anatomy 


Penile erectile tissues, vascular and cavernosal smooth 
muscle, and support structures are essential to tumes- 
cence. The human penis is composed of three cylindrical 
structures bound together by the tunica albuginea, liga- 
ments, and muscles. There are the paired corpora caver- 
nosa and a single corpus spongiosum, which houses the 
urethra. The complex yet tightly regulated interplay 
between these erectile tissues, vessels, and nerves is 
essential to penile erection and detumescence. 


Tunica albuginea 

The tunica albuginea (TA) is a bilayered structure com- 
posed of an inner circular layer and outer longitudinal 
layer. Additionally, it has multiple sublayers that sur- 
round and support the cavernosal tissues. Although its 
collagen fibers provide rigidity to support high pressures 
during erection, it is also flexible due to its elastin 
content. The inner layer is oriented in a circular fashion. 
From this layer, intracavernous pillars emanate and 
provide strength to the erectile tissues in addition to 
supporting the septum. The outer layer of the bilayered 
TA is oriented longitudinally and extends the length of 
the penis from the glans to the crura. These fibers are 


absent between the 5.00 and 7:00 positions, which is 
an area of relative weakness. Contrary to the corpora 
cavernosa, the corpus spongiosum lacks an outer 
longitudinal layer and intracorporeal supports, which 
leads to lower pressures during erection. 

In addition to providing support for erectile tissues, 
the TA plays an essential role in tumescence by obstruct- 
ing venous outflow. Emissary veins course between 
the inner and outer layers of the TA. With increasing 
intracorporeal pressures from arterial inflow, these 
veins are compressed between these layers, which 
diminishes venous outflow leading to higher pressure 
engorgement, the so-called veno-occlusive mechanism. 


Erectile tissues 
The paired corpora cavernosa are spongy cylinders con- 
taining erectile tissues encircled by the tough yet flex- 
ible TA and also surrounded by the ischiocavernosus 
muscle. Contraction of these muscles at the crus during 
erection further blocks venous outflow, leading to 
increased rigidity and further increases intracavernous 
pressures. Although the corpora cavernosa are separated 
by a septum, it is incomplete, and there is common flow 
distally. Within the corpora cavernosa there is a fibrous 
support skeleton composed of pillars from the TA and 
the incomplete septum. Furthermore, there are a series 
of interconnected sinusoids, which accommodate blood 
during erections. These are supported by elastic fibers 
and collagen and separated by smooth muscle trabeculae. 
Relaxation of these smooth muscles allows increased 
cavernosal engorgement. 

In the flaccid state, blood slowly diffuses from central 
to peripheral sinusoids. Given this slow flow, blood 
gas levels are venous throughout the sinusoids. 
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However, during erection, with rapid entry of arterial 
blood, central and peripheral sinusoidal blood gas levels 
approach that of arterial blood. Additionally, there are 
many endothelial-derived factors in the sinusoid and 
cavernosal smooth muscle cells that regulate vasocon- 
striction and dilation. These are discussed below. 

The corpus spongiosum has larger sinusoids than the 
corpora cavernosa and is a lower pressure system given 
the lack of an outer longitudinal layer. This is com- 
pletely absent in the glans penis as well. Additionally, 
the corpus spongiosum is surrounded by the bulbospon- 
giosus muscle. During micturition, contraction helps to 
empty the urethra. During erections, contraction com- 
presses the erectile tissue and deep dorsal vein leading 
to increased pressure and rigidity. Additionally, its 
rhythmic contraction assists with ejaculation. 


Penile vasculature 

Arterial supply 

The internal pudendal artery, which is the terminal 
branch of the anterior trunk of the internal iliac artery, 
is usually the main source of blood to the penis. There 
is, however, significant variability in penile blood flow 
with accessory branches from the external iliac, obtu- 
rator, vesical, and femoral arteries, which may often be 
the dominant source of blood. The internal pudendal 
artery terminates as the common penile artery, which 
branches into the dorsal, bulbourethral, and cavernous 
arteries. Distally these rejoin at the glans penis. The 
dorsal artery supplies blood to the glans, skin and 
subcutaneous tissue of penis. The bulbourethral artery 
supplies the corpus spongiosum and urethra. The cav- 
ernous artery gives off straight and helicine branches, 
which open directly into the sinusoids without inter- 
vening capillaries. During erection, when smooth 
muscle is relaxed, these are straight and dilated allowing 
arterial inflow; however, they become contracted and 
tortuous in the flaccid state, when smooth muscle is 
contracted, which decreases inflow. 


Venous drainage 

Penile venous drainage originates from tiny venules in the 
peripheral sinusoidal tissues, which travel in the trabeculae 
between the TA and peripheral sinusoids and form the 
subtunical venous plexus. These give rise to the emissary 
veins, which travel between the layers of the TA. During 
erection, compression of these by the TA limits venous 
outflow, which contributes to penile engorgement. 


Neuroanatomy 

Peripheral innervation 

The penis is supplied by autonomic and somatic nerve 
fibers. Autonomic innervation to the corpora cavernosa 
and spongiosum is in the form of sympathetic and 
parasympathetic fibers via the cavernous nerves. 
Somatic fibers are both sensory and motor, allowing for 
cutaneous sensation and contraction of the bulbospon- 
giosus and ischiocavernosus muscles. 


Somatic innervation 

Somatosensory innervation originates distally in sensory 
receptors of the skin, glans, and urethra. Additionally, 
sensory receptors are present in the corpora cavernosa. 
The glans is very highly innervated with thin myelin- 
ated A, and unmyelinated C fibers. These sensory fibers 
form the dorsal nerve of the penis, which will coalesce 
with other fibers to become the pudendal nerve. The 
pudendal nerve enters the spinal cord at the S2-S4 
levels. These fibers convey sensory information via the 
spinothalamic and spinoreticular tracts to the central 
nervous system. In addition to somatic functions, the 
dorsal nerve has autonomic functions, as evidenced by 
the presence of nerve bundles containing nitric oxide 
synthase (NOS). Onuf’s nucleus, located in the S2-S4 
segments, provides motor neurons that supply the 
pudendal nerve. These innervate the bulbospongiosus 
and ischiocavernosus muscles. 


Autonomic innervation 

Autonomic innervation is responsible for tumescence 
and detumescence. Specifically, sympathetic stimu- 
lation leads to detumescence whereas parasympa- 
thetic activation leads to erection. Thus, sacral 
parasympathetic fibers are responsible for tumescence 
and sympathetic thoracolumbar fibers are responsible 
for detumescence. 


Sympathetic pathways 

Penile sympathetic innervation to the pelvic plexus 
originates from T11 to L2 spinal segments. The presyn- 
aptic sympathetic cell bodies supplying these fibers are 
located in the lateral column between T10-T12 and 
L1-L2. These travel to the pelvic plexus via the hypogas- 
tric nerve. This forms the superior hypogastric plexus, 
which is formed from sympathetic fibers from the celiac 
plexus and lumbar splanchnic nerves, and the inferior 
mesenteric plexus. 
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Parasympathetic pathways 

Parasympathetic fibers arise from presynaptic neuronal 
cells in the intermediolateral cell columns located bet- 
ween the S2 and S4 sacral spinal cord segments as pelvic 
splanchnic nerves and join the hypogastric nerves. 
These will join sympathetic fibers from the superior and 
inferior hypogastric plexuses and join the pelvic plexus. 
Recent studies demonstrate that many of these plexuses 
are a mix of sympathetic and parasympathetic nerves. 
From the pelvic plexus, autonomic nerve fibers that 
supply the penis form the cavernous nerves. 


Central pathways 

Spinal pathways 

In the spinal cord, thoracolumbar sympathetic, sacral 
parasympathetic, and sacral pudendal motoneurons are 
involved with erections. The thoracolumbar center is 
generally inhibitory to erections whereas parts of the 
sacral and pudendal promote erections. 


Supraspinal pathways 

Centers in the brain play an essential role in initiation, 
inhibition, and maintenance of erections by integrating 
and processing multiple sensory inputs. Although mul- 
tiple areas are involved in sexual function, including 
many areas of the forebrain, hypothalamus, brainstem, 
and midbrain, animal studies have demonstrated that 
penile sensory information is specifically relayed to the 
pons, brainstem, hypothalamic medial preoptic area 
(MPOA), paraventricular nucleus (PVN), thalamus, and 
cortex. MPOA stimulation causes erections via increased 
parasympathetic outflow. Additionally, the PVN also is 
pro-erectile when stimulated with apomorphine via 
dopaminergic receptors. However, in addition to these 
centers, there are many other areas in the brain responsible 
for regulation of erectile function. 

These central structures are responsible for psychogenic, 
reflexogenic, and nocturnal erections. Psychogenic erec- 
tions are penile erections from audiovisual stimulation. 
Central impulses activate the spinal centers to cause an 
erection. Reflexogenic erections are induced by genital 
stimulation. Sensory fibers will relay this information via 
ascending fibers to the brain, which processes this and 
activates autonomic centers to produce an erection. 
Nocturnal erections occur during rapid eye movement sleep. 
Functional studies show increased activity in the pontine 
area, amygdalae, and anterior cingulate gyrus. There is 
decreased activity in the prefrontal and parietal cortex. 


Hemodynamics of penile erection 
and detumescence 


Corpora cavernosa 

Penile tumescence is ultimately controlled by vascular 
and corporeal smooth muscle regulation of blood flow. 
Erections result from relaxation of cavernosal and 
vascular smooth muscles, which leads to sinusoidal 
relaxation, arterial dilation, and venous compression. 
This leads to increased arterial inflow, decreased venous 
outflow, and ultimately penile engorgement. When the 
penis is flaccid, vascular and cavernosal smooth muscles 
are in a tonically contracted state. This limits the amount 
of arterial blood flow so that the partial pressure of 
oxygen (pO,) 
(35mmHg). As a result of sexual stimulation, neuro- 


approaches that of venous blood 


transmitters are released from the cavernous nerve 

endings, leading to a cascade of events resulting in 

penile erection. The following events occur: 

1 Smooth muscles in the arteriolar and arterial walls 
relax, leading to vascular dilation and increased blood 
flow to the penis. 

2 With the influx of arterial blood and relaxation of 
smooth muscles, the cavernosal sinusoids expand and 
become engorged with trapped blood. 

3 Sinusoidal expansion leads to mechanical compres- 
sion of the subtunical venous plexus between the 
engorged sinusoids and tough TA. This leads to 
decreased venous outflow and increases sinusoidal 
blood trapping and engorgement. 

4 Asaresult of this trapped blood, the TA stretches, leading 
to occlusion of the emissary veins between the layers 
of the TA, which further decreases venous outflow. 

5 Consequently, penile blood pO, increases to 90 mmHg 
(closer to arterial oxygen levels) and the intracavern- 
ous pressure increases to 100 mmHg 

6 The amalgamation of these events leads to penile 
erection, with the penis going from a flaccid state to 
the full erection phase. 

7 Contraction of the ischiocavernosus muscle during 
erection further increases pressure during the rigid 
erection phase. 

Detumescence occurs when arterial inflow decreases 
due to smooth muscle contraction. It has been described 
in three phases in the animal model: 

l Initially, a transient increase in  intracorporeal 

pressure is noted due to smooth muscle contraction 

against a closed venous system during erection. 
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2 This leads to a slow decrease in corporeal pressure as 
venous channels reopen due to decreased mechanical 
compression. 

3 Lastly, there is a rapid fall in pressure as venous 
outflow is completely restored. 


Corpus spongiosum and glans penis 
Although there is increased blood flow to the glans 
penis and corpus spongiosum during erection, due to 
the lack of a longitudinal TA layer and thinner TA, the 
pressure is one-third to one-half that in the corpora cav- 
ernosa. Engorgement of the glans during the full erec- 
tion phase is due to partial compression of the deep 
dorsal and circumflex veins between Buck’s fascia and 
the corpora cavernosa. Additionally, contraction of the 
ischiocavernosus and bulbospongiosus muscles promotes 
engorgement and increases pressure in the glans and 
spongiosum by compression of the spongiosum and 
penile veins during the rigid erection phase. 


Neurophysiology of erections 


Smooth muscle contraction 

and detumescence 

Sympathetic activity is conveyed by a-adrenergic recep- 
tors. These are found throughout the cavernosal tissues 
and vasculature. Specifically, postsynaptic ala and ald 
receptors receptors convey 
sympathetic stimulation to induce contraction of 


and presynaptic a2 


smooth muscles. Furthermore, norepinephrine seems 
to be the preferred neurotransmitter. The sympathetic 
nerves induce detumescence and maintain penile 
flaccidity by increasing sarcoplasmic free calcium (Ca?*) 
levels, which promotes smooth muscle contraction. 
Presynaptic o«2-adrenergic receptors increase extra- 
cellular calcium entry via membrane ion channels, and 
al receptors release sequestered intracellular calcium in 
addition to promoting entry of extracellular calcium. 
This leads to muscle contraction and maintenance of 
contractile tone, as discussed below. 

Additionally, endothelin-1, which is synthesized 
and present in sinusoidal endothelial tissues, acts as a 
vasoconstrictor. It also potentiates the constrictor 
response to catecholamines on the sinusoidal endo- 
thelial tissue. These direct and indirect mechanisms 
suggest endothelin-1 is involved in detumescence. 
These effects are mediated by the ET-A and ET-B 


endothelin receptors; the former mediates contraction, 
whereas ET-B mediates relaxation. 

Furthermore, constrictor prostanoids including pros- 
taglandin I, (PGL), PGF,,, and thromboxane A, are pro- 
duced by the cavernous tissues and may play a role in 
smooth muscle contraction, detumescence, and vaso- 
constriction. These also attenuate the dilatory effects of 
nitric oxide when released simultaneously, thus ren- 
dering it less effective. Additionally, angiotensin IL, 
which is part of the renin-angiotensin system, is present 
in cavernosal endothelial and smooth muscle cells and 
mediates contraction via AT-I receptors. Thus, in the 
flaccid state, corporeal tissues are in a semicontracted 
state, which is attained through a combination of 
intrinsic muscle activity, adrenergic neurotransmission, 
and endothelium-derived factors. 


Smooth muscle relaxation and tumescence 
Parasympathetic nerve fibers release acetylcholine 
(ACh), vasoactive intestinal peptide (VIP), and nitric 
oxide (NO). The predominant neurotransmitter respon- 
sible for erections is NO, by causing smooth muscle 
relaxation. NO is released from non-adrenergic/non- 
cholinergic fibers within the erectile tissues. It is a gas- 
eous molecule produced in nerve endings and 
endothelial tissues. NO is synthesized in nitrergic fibers 
and endothelial cells by nitric oxide synthase (NOS) via 
the conversion of L-arginine and oxygen to t-citrulline 
and NO. This reaction requires a pO, greater than 
55mmHg. NOS is present in endothelial cells (eNOS), 
neuronal cells (nNOS), and as an inducible form (iNOS). 
Although all three types are present in the corpora, 
eNOS and nNOS are primarily responsible for erections. 
NO catalyzes the conversion of guanosine-5’-triphosphate 
(GTP) to cyclic guanosine monophosphate (cGMP) via 
soluble guanylyl cyclase. cGMP leads to smooth muscle 
relaxation, as discussed below. 

Additionally, cavernous tissue is rich in muscarinic 
receptors, which respond to ACh. Although this is not 
the primary neurotransmitter involved in tumescence, 
it may indirectly contribute to muscle relaxation by 
stimulating NO release and presynaptic inhibition of 
norepinephrine release from adrenergic neurons. 
Furthermore, although endothelium releases factors 
that promote vasoconstriction, it may also produce 
vasorelaxation via endothelium-derived hyperpolariza- 
tion factor, PGL, and endothelin-1 via ET-B receptor 
activation. 
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Other neurotransmitters 
Multiple other neurotransmitters may play a role in 
erectile function. Specifically, serotonergic receptors may 
inhibit sexual function, sexual drive, and erections, 
whereas dopaminergic input, via D1, D2, and D4 recep- 
tors, and adrenergic receptors promotes sexual function. 
For instance, apomorphine, which has D1 and D2 
receptor activity, induces erection-absent sexual stimu- 
lation. Gamma-aminobutyric acid (GABA), cannabi- 
noids, prolactin, and opioids may have an inhibitory 
role on sexual function and erectile function. Oxytocin, 
NO, and melanocortins promote erectile function. 
Given the complexity of erectile function and reg- 
ulation, there is significant cross-reactivity between 
tumescence and detumescence systems. For instance, nor- 
adrenergic receptors are modulated by nitrergic fibers and, 
conversely, adrenergic fibers regulate NO release via a2 
presynaptic action. Additionally, there is communication 
at the level of the vascular smooth muscle as well. 


Adrenergic Nerve 


Smooth muscle physiology 


Smooth muscle contraction: penile 
flaccidity (Figure 3.1) 

In the flaccid state, cavernous smooth muscle remains 
tonically contracted, which is termed the latch state. 
This allows maintenance of a basal tone with minimal 
energy Studies demonstrated 
spontaneous contractile activity in smooth muscle, 


expenditure. have 
which may also be activity induced. Smooth muscle 
contraction is regulated by sarcoplasmic Ca” levels. Ca?* 
binds to calmodulin, a calcium-binding messenger pro- 
tein, which triggers a cascade of events allowing myosin 
to crosslink to actin and contract the muscle. 

Once Ca?” binds to calmodulin, the affinity of the 
Ca**-calmodulin complex for myosin light chain kinase 
(MLCK), a serine/threonine-specific protein kinase, 
increases. MLCK is activated once bound by the Ca?*- 
calmodulin complex. This leads to phosphorylation of 
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Figure 3.1 Pathways regulating smooth muscle contraction, which leads to detumescence. 
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myosin light chain (MLC) heads at the position 19 
serine (Serl9), which activates the heads allowing 
crosslink formation with actin. Additionally, myosin- 
actin crosslinking activates ATPase activity of the myosin 
head region, which provides energy for subsequent 
cross-bridge cycles. The overall outcome of this process 
is muscle contraction. Adenosine triphosphate (ATP) 
provides the energy for this process. 

Thus, for smooth muscle to contract, cytosolic Ca?* 
needs to increase. During contraction, levels increase 
from 120-270 nM to 500-700 nM. This is accomplished 
via the action of different vasoconstrictor agents on 
their specific receptors, which activates a G-protein- 
coupled receptor (Gq). Activation of this leads to a 
downstream cascade that increases intracellular cyto- 
solic calcium. Gq activates phospholipase C beta (PLC-B), 
a membrane-bound enzyme that hydrolyzes phosphati- 
dylinositol 4,5-bisphosphate (PIP,) to form inositol 
1,4,5-trisphosphate (IP,) and 1,2-diacylglycerol (DAG). 
IP, binds to the cellular smooth endoplasmic reticulum, 
leading to release of calcium to the cytoplasm. In addition 
to causing a release of calcium from the endoplasmic 
reticulum, IP, increases the ability of calcium to trigger 
the release of intracellular Ca% stores, leading to 
calcium-induced calcium release (CICR). To further 
increase intracellular calcium, constricting agents also 
open 
allowing entry of extracellular Ca** as well. All of these 


calcium-permeable non-selective channels, 
processes increase sarcoplasmic Ca** allowing it to 
interact with calmodulin and trigger smooth muscle 
contraction necessary to maintain flaccidity and cause 
detumescence. 

There is some evidence that phasic contraction of 
penile smooth muscle results from increases in cytosolic 


Ca** and tonic contraction is from CICR pathways. 


Smooth muscle relaxation: penile erection 
(Figure 3.2) 

Smooth muscle relaxation is essential for erection. 
For smooth muscle to relax, MLC is dephosphorylated 
by myosin light chain phosphatase (MLCP). This 
dephosphorylation changes the conformation of the 
myosin head so it no longer crosslinks with actin. 
MLCP activity is regulated by the RhoA/Rho-kinase 
pathway. Rho-kinase, a serine/threonine kinase, and 
RhoA, a small GTPase protein, are expressed in penile 
smooth muscle cells, with concentrations significantly 
higher in cavernous smooth muscle than in vascular 


smooth muscle. Activated Rho-kinase inhibits the 
action of MLCP and promotes smooth muscle 
contraction. 

Relaxation is also triggered by a decrease in 
sarcoplasmic Ca**, which leads to dissociation of the 
Ca**-calmodulin complex from MLCK. Additionally, 
Serl9 of myosin is dephosphorylated by MLCP, which 
leads to dissociation of the myosin-actin crosslink. 

Smooth muscle relaxation results from several 
secondary messengers including cyclic adenosine mo- 
nophosphate (cAMP) and cyclic guanylate monophos- 
phate (cGMP). These activate specific protein kinases 
that phosphorylate downstream ion channels and pro- 
teins. This leads to cell hyperpolarization by opening 
membrane potassium channels, sequestration of 
calcium to the endoplasmic reticulum, and inhibition of 
membrane calcium channels. These events lead to 
decreased intracellular calcium, smooth muscle relaxa- 


tion, and ultimately tumescence. 


Cyclic adenosine monophosphate (cAMP) 

cAMP is regulated by multiple molecules such as prosta- 
glandins, adenosine, calcitonin gene-related peptides, 
and VIP. Its formation is catalyzed by the regulatory 
enzyme adenylyl cyclase (AC), which converts ATP to 
cAMP. The main receptor for cAMP is protein kinase A 
(PKA), also called cAMP-dependent kinase. Activation 
of PKA leads to phosphorylation of multiple down- 
stream targets, with over 100 having been identified. 
PKA is composed of two regulatory and two catalytic 
subunits (R,C,). With cAMP binding, the regulatory 
subunits dissociate to R,(cAMP), with free catalytic 
subunits. This active enzyme then phosphorylates its 
downstream targets. 


Cyclic guanylate monophosphate (cGMP) 

cGMP is regulated by multiple molecules such as NO, 
carbon monoxide (CO), and natriuretic peptides. NO, a 
small gaseous molecule, is able to easily diffuse into cells 
where it interacts with soluble guanylyl cyclase (sGC). 
sGC catalyzes the conversion of GTP to cGMP. Guanylyl 
cyclase (GC) exists both in membrane-bound and sol- 
uble forms. It is, however, the soluble form (sGC), that 
is particularly involved in erectile function. sGC is com- 
posed of alpha and beta subunits. sGC links NO from 
NANC endings to cGMP. Protein kinase G (PKG), also 
known as cGMP-dependent kinase, is a serine/threo- 
nine-specific protein kinase that is activated by cGMP. 
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Figure 3.2 Cellular pathways regulating smooth muscle relaxation necessary for tumescence. 


It leads to smooth muscle relaxation and erection by 
phosphorylating downstream targets. 


Phosphodiesterase (PDE) 

During signaling processes for erections, cGMP and 
cAMP levels rise two- to three-fold from baseline. To 
reverse the effects of these messengers, phosphodiester- 
ases hydrolyze cAMP to adenosine monophosphate 
(AMP), and cGMP to guanylyl monophosphate (GMP). 
There are 11 families of PDE (PDE1-PDE11). All PDEs 
are found in the corporeal tissues except for PDE6, 
which is specific to the eye. However, PDE5 is the 
primary PDE that hydrolyzes cGMP and terminates its 
effect. It is the inhibition of this enzyme that has been 
used as a therapeutic for erectile dysfunction. 


Summary 


Thus, the complex interplay between the central 
and peripheral nervous systems, penile anatomy, and 
neurotransmitters tightly regulates tumescence and 
detumescence. Erections depend on the relaxation of 
cavernous and vascular smooth muscles from their ton- 
ically contracted state. This is mediated by many factors, 
particularly NO, which stimulates cGMP production, 
which in turn activates PKG leading to opening of 
potassium channels, which hyperpolarizes cells and 
closes calcium channels. This decrease in cytosolic 
calcium leads to smooth muscle relaxation. When cGMP 
is degraded by PDE, intracellular calcium increases and 
muscles contract. 
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CHAPTER 4 


Anatomy of penile erection 


Lindsay Yuh and Alan Shindel 
UC Davis, Sacramento, CA, USA 


Introduction 


Penile erection is based on a complex interplay between 
physiologic, neurologic, endocrine, and vascular factors. 
Disruption of any of these components may lead to 
erectile dysfunction. Erectile dysfunction (ED) is defined 
as consistent or recurrent inability to achieve and 
maintain an erection sufficient for satisfactory sexual 
intercourse.'? It has been estimated to affect 30 million 
men in the USA; up to 52% of men aged 40-70 have 
mild to complete ED.* The worldwide prevalence of 
ED is projected to increase to 322 million men by the 
year 2025." 

ED is associated with age and numerous medical ill- 
nesses. Recent advancements in our understanding of 
penile physiology and pathophysiology have revolu- 
tionized the approach to the man with ED. A thorough 
understanding of the normal mechanisms that mediate 
penile erection enables the provider to counsel and treat 
male patients with sexual concerns. 


Penile anatomy 


The penis is composed of three erectile bodies: two 
corpora cavernosa and one corpus spongiosum. The corpora 
cavernosa are located dorsally on the penis. They are 
attached via an incomplete midline septum composed of 
multiple strands of connective tissue; the septum becomes 
more complete towards the distal aspect of the penis.°* 
Each corpus cavernosum contains vascular sinuses 
(also known as lacunae) lined by endothelial cells. 
These lacunae engorge with blood during penile erec- 
tion. A sheath of connective tissue called the tunica 


albuginea surrounds the lacunae. The tunica albuginea 
consists of multiple layers of collagen and elastic fibers, 
oriented in an inner circular and an outer longitudinal 
layer. This framework permits rigidity and axial strength 
during penile erection, and compliance and flexibility 
when the penis is flaccid.’ 

The corpus spongiosum contains the urethra and lies 
ventrally within the groove between two corpora caver- 
nosa. Distally, the corpus spongiosum forms a broad cap 
of erectile tissue called the glans penis, which covers the 
tips of corpora cavernosa. The tunica albuginea surround- 
ing the erectile tissue of the corpus spongiosum is much 
thinner than tunica albuginea of the corpora cavernosa 
and there is less erectile tissue present (Figure 4.1).?""! 

The three erectile bodies and the tunica albuginea are 
surrounded (from deep to superficial) by penile fascia, 
Buck’s fascia, superficial penile fascia (dartos fascia), 
and skin. The deep dorsal vein of the penis, dorsal 
arteries, and dorsal nerves are located on the superior 
aspect of the corpora cavernosa in Buck’s fascia 
(Figure 4.2). 


Vascular anatomy 

The blood supply to the penis originates from the 
paired penile arteries, which are derived from the 
internal pudendal arteries and internal iliac arteries. 
The penile arteries travel along the medial border of the 
pubic rami and then continue along the urethra bulb. 
The bulbourethral artery is the first branch of the penile 
artery; the dorsal artery of the penis is the continuation of 
the common penile artery. The dorsal artery courses 
deep to dorsal penile vein and lateral to the cavernous 
nerves. The dorsal artery gives off circumflex branches 
around the lateral surface of the Corporal bodies. 
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Figure 4.1 Ventral view of penile anatomy. The corpus 
spongiosum contains the urethra and lies within the 
groove between the two corpora cavernosa. The bulbar 
and urethral arteries are the first branches of the penile 
artery. The dorsal artery and nerve course lateral to the 
dorsal vein of the penis. Modified from Angermeier, KW. 
Surgical anatomy of the penis. In: Operative Urology at the 
Cleveland Clinic. Springer, 2006; pp. 377-83. 


The terminal branch of the common penile artery is the 
cavernosal artery, which enters the corpus cavernosum at 
the hilum and runs the length of the penile shaft, giving 
off many helicine arteries inside the erectile tissue of the 
penis (Figure 4.1). 

In some men, the cavernosal artery may arise from 
the pudendal artery; an accessory cavernosal artery from 
the pudendal artery is also present in some men. This is 
a normal anatomical variant and should be considered 
during pelvic surgery. The bulbourethral artery supplies 
the urethra and corpus spongiosum. The corpus spon- 
giosum may also be supplied distally by collateral flow 
from distal branches of the dorsal artery of the penis.*” 


Neuroanatomy of penile erection 


Autonomic nervous system regulation 

of erection 

The penis is innervated by both autonomic (sympathetic 
and parasympathetic) and somatic (sensory and motor) 
nerves. The neurons in the spinal cord and peripheral 
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ganglia merge via sympathetic and parasympathetic 
pathways to form the cavernous nerves. These autonomic 
fibers enter the corpora cavernosa and corpus spongio- 
sum to control neurovascular events during erection 
and detumescence.’! 

The nerves involved in the sympathetic regulation of 
the penis emerge from the T11-L2 spinal levels. These 
nerve fibers exit the spine via sympathetic ganglia, 
through lumbar splanchnic nerves to the inferior mes- 
enteric and superior hypogastric plexuses. These 
plexuses sit close to the aorta and are at risk for injury 
during retroperitoneal lymph node dissections; this 
may lead to retrograde ejaculation or anejaculation. 
The baseline sympathetic tone to the penis is mediated 
by adrenergic fibers that release norepinephrine. 
Sympathetic tone maintains the penis in the flaccid 
state and also triggers detumescence with resolution of 
sexual arousal. 

The parasympathetic innervation to the penis arises 
from S2-S4 spinal segments, which join to form the 
inferior hypogastric plexus via the pelvic splanchnic 
nerves. The hypogastric plexus is approximately 4-5 cm 
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Figure 4.2 Cross-sectional view of penile anatomy. The three erectile bodies (two corpora cavernosa and midline corpus 
spongiosum) are surrounded by the tunica albuginea, which is composed of an inner circular layer and an outer longitudinal layer. 
The subsequent layers of the penis from deep to superficial are penile fascia, deep (Buck’s) fascia, superficial (dartos fascia), and 
skin. The superficial dorsal vein courses through dartos fascia, and the deep dorsal vein runs through Buck’s fascia. Modified from 
Angermeier, KW. Surgical anatomy of the penis. In: Operative Urology at the Cleveland Clinic. Springer, 2006; pp. 377-83. 


long, located on both sides of the rectum. The midpoint 
of the hypogastric plexus lies at the level of the seminal 
vesicles, with a network of neurovascular structures 
coursing through it.'*!4 The most caudal portion of the 
pelvic plexus leads to the cavernous nerves that inner- 
vate the penis. Division of these vessels during operative 
dissection risks injury to the pelvic plexus and leads to 
postoperative erectile dysfunction.'*° The cavernosal nerves 
leave the endopelvic fascia, run along the posterior-lateral 
boarder of prostate, and branch medially and laterally 
before reaching the membranous urethra. Superficial 
branches travel on the lateral surface of urethral sphincter 
at 3 and 9 o’clock positions. As the cavernous nerves 
reach the hilum of the penis they join to form one of 
three discrete bundles at 1, 11, and 6 o'clock positions, 
superficial to the cavernous veins.® The cavernosal nerves 
pierce the corpora cavernosa and along with cavernosal 
arteries supply the erectile tissue. Small fibers also join 
the dorsal nerves of the penis as they course distally. 


Stimulation of the pelvic plexus and cavernosal 
nerves induces erection, whereas stimulation of the 
hypogastric nerve or sympathetic trunk causes detu- 
mescence. This illustrates that sacral parasympathetic 
input is responsible for erections, and the thoracolumbar 
sympathetic pathway for detumescence. 

Modulation of either the sympathetic or parasym- 
pathetic systems may contribute to penile erection. The 
specific contributions are apparent in spinal cord injured 
animals and humans. Suppression of sympathetic tone to 
the penis is thought to be the mechanism for mentally/ 
psychologically provoked erections. In animal experi- 
ments where the spinal cord was removed below L4 or L5, 
exposure to a female in heat or stimulation of the medial 
preoptic area produced marked erections suggesting 
supraspinal mediation of tumescence. In this same sacral 
parasympathetic spinal cord injured model, erections were 
also elicited by stimulating the thoracolumbar sympathetic 
pathways. Human males who have suffered sacral 
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spinal cord injury may retain psychogenic erections 
i.e., penile erection in response to partner initiation, 
audiovisual stimulation, and/or fantasy) even through 
reflexogenic erections (penile erection in response 
to penile stimulation) may not be possible. Psychogenic 
erections in these patients may involve swelling and 
lengthening of the penis with variable degrees of 
rigidity.?!°!7 

Psychogenic erections do not generally occur in 
patients with lesions above T10 level; this is consistent 
with knowledge that the sympathetic innervations of 
the penis are derived from the L2 spinal roots. In men 
with spinal cord injury above T10, impulses can still 
travel to the spinal cord by somatic and parasympathetic 
pathways; this contributes to reflexogenic erections in 
response to penile stimulation or contact.”'® 

Although partial preservation of erection occurs in 
men with spinal lesions at various levels, maximal erec- 
tion requires inhibition of the sympathetic tone of the 
penis and excitation of parasympathetic fibers. 


Somatic nervous system regulation 

of erection 

The somatosensory pathway originates from the sensory 
receptors in the penile skin, urethra, glans, and within 
the corpus cavernosum. These sensory fibers converge 
to form the dorsal nerve of the penis and then coalesce 
with the pudendal nerve. The pudendal nerve enters 
the spinal cord through S2-S4 nerve roots. Sensory 
information is transmitted to the spinal cord and from 
there to the brain for sensory processing. Onuf’s nucleus 
is located in the sacral spinal segments and is the center 
for somatomotor penile signaling. Efferent nerves from 
this location will innervate the ischiocavernosus and 
bulbocavernosus muscles. Contraction of the ischio- 
cavernosus muscle produces the rigid-erection state. 
Contraction of the bulbocavernosus muscle is necessary 
for ejaculation." 


Supraspinal regulation of erection 
In animal models, the medial preoptic area and the para- 
ventricular nucleus of the hypothalamus and hippocampus 
have been identified as important centers for sexual 
function and penile erections. Electrostimulation of 
these areas induced erections, and lesions at these sites 
limit copulatory behavior in male animals.'’ 

With the advent of modern imaging techniques has 
come greater understanding of human brain activity 


during sexual arousal. Specific brain centers have been 
studied using positron emission tomography (PET) and 
magnetic resonance imaging (MRI) in men exposed to 
erotic stimuli (typically audiovisual sexual stimulation). 
Brain areas of note are the bilateral inferior temporal 
cortex (visual association area), right insula (somato- 
sensory processing with motivational states), right 
inferior frontal cortex (sensory processing), left anterior 
cingulated cortex (autonomic and neuroendocrine 
function), right occipital gyrus (visual processing), right 
hypothalamus (male copulatory behavior), and left 
caudate (attention processing with responsiveness to 
new environmental stimuli).?°?! 


Hemodynamics and physiology 
of male erection 


In a flaccid state, the arterial flow to the penis is minimal. 
The cavernosal smooth muscle as well as smooth muscle 
of the arterial wall are tonically contracted and the 
partial pressure of oxygen is about 35mmHg.’ The 
penile vasculature can contract even further as 
evidenced by shrinkage in cold weather and after 
phenylephrine injections. The contraction of penile 
smooth muscle appears to be mediated by actions of 
a-adrenergic agonists and endothelin-1 via ET-A endo- 
thelin receptors.” 

Penile erection results from sexual stimulation 
(exposure to erotic material, penile contact, etc.), which 
triggers release of neurotransmitters that relax smooth 
muscle. The most important neurotransmitter in penile 
erection is nitric oxide (NO), which will be discussed 
later in this chapter. 

Initial penile tumescence occurs by engorgement of 
the corpora cavernosa. The dilatation of arteries and 
arterioles supplying the corpora cavernosa causes up 
to a seven-fold increase in blood flow. The relaxation 
of sinusoidal smooth muscle within the corpora facil- 
itates rapid filling and expansion of the sinusoidal 
system. The venous plexus located between sinusoids 
and the tunica albuginea is compressed, resulting in 
reduction of venous outflow. Further stretching of the 
tunica albuginea to capacity occludes veins between 
the inner circular and outer longitudinal layers, 
which further limits venous outflow. Blood is effec- 
tively trapped within the sinuses of the corpora caver- 
nosa, increasing intracavernous pressure to around 
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100mmHg and raising the penis from flaccid to the 
erect state (full erection phase).”® 

Arterial flow increases in the corpus spongiosum and 
glans penis in a similar manner; however, the pressure 
is only one-half to one-third the pressure in corpora 
cavernosa due to minimal occlusion from the thin 
tunica of the corpus spongiosum and glans penis. The 
glans penis and spongiosum may be just partially rigid 
during full erection; this structure may act as a large 
arteriovenous shunt. Increasing sexual arousal during 
sexual intercourse and/or masturbation triggers force- 
ful contraction of ischiocavernosus muscles. With 
contraction of these muscles blood is forced into the 
corpus spongiosum and glans penis, causing maximal 
tumescence and potentially suprasystolic intrapenile 
pressures as high as several hundred mmHg. This is 
the rigid erection phase that typically occurs at high 
levels of arousal immediately before orgasm/ 
ejaculation.? 777° 

After orgasm or resolution of sexual arousal, 
detumescence occurs. Detumescence is mediated by 
cessation of NO production, breakdown of molecular 
mediators of vasodilation, and sympathetic discharge 
during ejaculation.*? 


Molecular mechanisms of penile 
erection 


Smooth muscle activity and calcium 
metabolism 
The erectile tissue of the corpus cavernosum is com- 
posed of sinusoidal spaces interconnected and separated 
by smooth muscle surrounded by elastic fibers, collagen, 
and areolar tissue. Terminal nerves and arterioles are 
intimately connected through a smooth muscle 
network. Relaxation of sinusoids allows blood to fill the 
cavity; hence, penile erection is dependent on the com- 
pliance and relaxation of the smooth muscle. Nerves, 
neurotransmitters, and endothelium-derived substances 
control the relaxation of the penile smooth muscle. 
The penis is kept in the flaccid state through tonic 
activity of adrenergic nerves causing smooth muscle 
contraction. Norepinephrine binds to smooth muscle 
receptors and this starts a signaling pathway (G-protein- 
coupled inositol trisphosphate) to release calcium from 
intracellular stores and to open calcium channels 
leading to influx of calcium from the extracellular space. 


This influx causes free cytosolic calcium to rise from 
resting levels. Ca** ions bind to calmodulin, and this 
calcium-calmodulin complex binds to myosin light 
chain kinase (MLCK) resulting in its activation. When 
active, MLCK phosphorylates myosin light chains, 
providing energy for actin cross-bridging and cycling 
of myosin attachments to actin. Cycling of the actin- 
myosin complex drives muscle contraction and 
vasoconstriction. *° 

Relaxation of smooth muscle and initiation of penile 
erection follows sequestration of free calcium into the 
sarcoplasmic reticulum. The dissociation of calmodulin 
from MLCK inactivates it, and myosin detaches from 
actin filaments. Intracellular second messengers medi- 
ating smooth muscle relaxation are cyclic adenosine 
monophosphate (cAMP) and cyclic guanosine mono- 
phosphate (cGMP). Contraction and relaxation of 
smooth muscle depends on intracellular levels of 
calcium. The regulation of calcium levels involves several 


mechanisms, which are discussed below.?*?"*4 


Nitric oxide/cyclic GMP 
Nitric oxide (NO) is produced from oxygen and t-arginine 
under control of nitric oxide synthase (NOS) and serves 
many biological functions. Psychogenic and reflexive 
stimuli activate the parasympathetic neurons that ini- 
tiate calcium entry into the cells and activation of neu- 
ronal NOS (nNOS), leading to a short-lived burst of 
NO.” NO diffuses into the cytoplasm of nearby smooth 
muscle cells to activate soluble guanylyl cyclase, which 
serves as its physiologic receptor. This binding causes a 
conformational change of guanylyl cyclase, activating 
the enzyme to catalyze the conversion of guanosine 
triphosphate (GTP) to cyclic guanosine monophosphate 
(cGMP). cGMP operates through cGMP-dependent pro- 
tein kinase to regulate the contractile state of corporal 
smooth muscle. The downstream activities of cGMP 
include directing phosphorylation of proteins and ion 
channels (leading to opening potassium channels and 
membrane hyperpolarization) and sequestration of 
intracellular calcium. The net effect of these molecular 
events is a drop in cytosolic Ca** and relaxation of cav- 
ernosal smooth muscle (Figure 4.3) 27743678 

The vasorelaxant effects of NO cause increased blood 
flow and expansion of penile vasculature and sinusoidal 
spaces. Relaxation and shear stress through the vas- 
culature endothelium activate phosphatidyl-inositol 
2-kinase, which triggers a serine/threonine protein 
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Figure 4.3 Molecular mechanisms of penile smooth muscle relaxation. Nitric oxide is released from endothelial cells (eNOS) and 
neurons (nNOS). NO diffuses to the cytoplasm of smooth muscle cells leading to activation of its intracellular receptor, guanylyl 
cyclase. This binding activates guanylyl cyclase leading to the conversion of guanosine triphosphate (GTP) to cyclic guanosine 
monophosphate (cGMP). Through cGMP-specific protein kinases cytosolic calcium levels decrease, leading to cavernosal smooth 
muscle relaxation. PDE5, phosphodiesterase type 5. Modified from Dean RC, Lue TF. Physiology of penile erection and pathophysiology 


of erectile dysfunction. Urol Clin N Am 2005;32:379-95. 


kinase (AKT) to phosphorylate and activate endothelial 
NOS (eNOS) in endothelial cells.***’*° This sustained 
increase in NO leads to maximal relaxation that does 
not require continuous neuronal depolarization and 
reduces calcium requirement for the maintenance of 
erection. 

Gap junction channels interconnect the corpus caver- 
nosum smooth muscle cells and allow them to function 
as a syncytium. Second messengers such as calcium ions 
and inositol trisphosphate are transported between 
corporal smooth muscle cells through these junctions 
allowing for synchronous myogenic activity. Cell-to- 
cell communication facilitates synchronization and 
integration of smooth muscle activity.***? 


Phosphodiesterase type 5 
The phosphodiesterases (PDE) are a class of enzymes that 
degrade cyclic nucleotides such as CGMP and cAMP. There 
are over 50 isoenzymes identified to date, and PDE isoen- 
zymes types 2, 3, 4, and 5 have been specifically located in 
the human corpora cavernosa. PDE type 5 (PDE5) is pref- 
erentially expressed in the corpus cavernosum and is 
selective for cGMP in the presence of bound zinc. PDE5 
converts cGMP into inactive 5’-GMP; PDE5-mediated 
decrease in cellular cGMP opposes penile erection by 
potentiating vasoconstriction.*!164! 

PDE5 inhibitors (PDESIs) are a class of drugs that com- 
petitively inhibit PDE5 and lead to elevated levels of 
cytosolic cGMP. The net result of increased cGMP is 
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decreased intracellular calcium, smooth muscle relaxa- 
tion, vasodilation, and penile erection. PDESI (e.g. 
tadalafil, 
mirodenafil, and lodenafil) are the first-line agents of 


sildenafil, vardenafil, udenafil, avanafil, 


choice in the management of ED in the modern era.?”? 


Rho/Rho-kinase pathway 
Myosin light chain phosphatase (MLCP) dephosphory- 
lates myosin and inactivates the actin-myosin cross- 
bridge movement. Normally, the contractile response is 
tightly associated with intracellular concentration of free 
Ca**; however, MLCP allows for increased force at 
low intracellular Ca?’ levels, or Ca** sensitization. The 
activity of MLCP is modulated by the RhoA/Rho-kinase 
pathway. RhoA is a small guanosine triphosphate (GTP) - 
binding protein involved in several cellular processes, 
with a 17-fold greater expression in cavernosal smooth 
muscle than in vascular smooth muscle. It is activated 
by G-protein and is regulated by GDP dissociation inhib- 
itor (GDI), guanine nucleotide exchange factor (GEF), 
and GTPase. Activated RhoA has a variety of targets, 
including penile smooth muscle Rho-kinase. Rho-kinase 
inhibits MLCP, which inhibits the activity of the enzyme. 
When MLCP activity is low, MLC remains phosphory- 
lated and smooth muscle contraction is maintained.**** 
Disruption of the RhoA-mediated activation of Rho- 
kinase promotes smooth muscle relaxation.???”4°>° NO/ 
cGMP-mediated vasodilation is also due in part to inhi- 
bition of the RhoA/Rho-kinase pathway. The pathway 
is upregulated in rat models with bilateral cavernous 
nerve injury, consistent with the ED phenotype common 
after pelvic surgery; this suggests a role for targeted 
therapy after radical prostatectomy.”***?! This 
regulatory pathway is under investigation as a possible 
pharmacological target for management of ED.*”” 


Other mediators 

Other non-cholinergic parasympathetic neurotransmitters 
are capable of promoting smooth muscle relaxation and 
an erectile response, including calmodulin, vasoactive 
intestinal polypeptide (VIP), bradykinin, peptide histidine 
methionine, pituitary adenylate cyclase-activating poly- 
peptide, helospectin, galanin, calcitonin gene-related pep- 
tide (CGRP), and prostaglandin E,.**** Prostaglandin E, by 
intracavernous injection is an approved therapy for ED. 
The relative importance of these other neuropeptides in 
the regulation of physiological erection remains fertile 
ground for further research. 


Conclusions 


Penile erection is the best understood aspect of the male 
sexual response. Our understanding of penile erection 
enables the contemporary provider to offer sound 
advice and treatment for men who have problems of 
penile erection. Familiarity with the mechanisms of 
penile erection is hence essential for healthcare pro- 
viders who care for male patients. 
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Introduction 


Male sexual dysfunction (MSD) encompasses disturbances 
of libido, erectile function, ejaculation, orgasm, and 
detumescence, and affects up to 10% of middle-aged or 
older men.’ MSD may be an initial manifestation of 
important underlying systemic disorders that can affect 
and, indeed, dominate wider well-being and clinical 
management. 

Endocrine disorders should be considered in this 
context, although non-endocrine factors, particularly 
psychosexual ones, may be more important. Endo- 
crinopathies can be associated with a range of other 
non-specific, non-sexual symptoms, such as fatigue and 
weight disturbance. Of all hormonal disorders, diabetes 
mellitus (DM) is, worldwide, the most common and 
important cause of organic erectile dysfunction (ED), 
increasing the risk three-fold compared to men without 
a history of DM.? By comparison,,male hypogonadism, a 
clinical syndrome resulting from subphysiological tes- 
tosterone levels due to a perturbation of the hypothal- 
amo-pituitary-testicular (HPT) axis at one or more 
levels, is a far less common cause of sexual dysfunction. 
Decreased production of spermatozoa by the testicular 
germinal epithelium can represent an additional 
component of hypogonadism but may not be clinically 
relevant in many men. Other endocrine disturbances, 
including pituitary, thyroid, and adrenal dysfunction 
and calcium disorders may give rise to, inter alia, 
psychosexual and erectile dysfunction. 


In this chapter, we consider the central organization 
of sexual function, the regulation of the hypothalamo- 
pituitary-testicular axis, the role of androgens in sexual 
function, and finally the different pathologies of the 
endocrine system that impact on male sexual function. 


Central organization of sexual 
function 


Hypothalamic and limbic areas are of fundamental 
importance with regard to sexual desire, motivation, 
and arousal, particularly outputs from the medial 
preoptic area to the ventral tegmentum, and efferent 
dopaminergic projections to limbic, prefrontal, and 
anterior cingulate cortical areas, the nucleus accumbens, 
and amygdala. Androgen effects on sexual function may 
in part result from enhancement of reward-seeking 
circuit activity and be mediated by the effects of testos- 
terone on dopaminergic receptors in the medial preoptic 
area, both directly and after aromatization to estradiol.’ 
The highest density of androgen receptor expression is 
found in hypothalamic nuclei known to participate in 
sexual and reproductive behavior, as well as other 
brain regions with important hypothalamic afferents. 
The anterior pituitary contains receptors for all sex steroid 
hormones. 

In addition to androgens and other sex steroids, a 
range of peptides and neurotransmitters, often with 
important inter-dependent effects on synthesis, release, 
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and signaling, are involved in sexual function. 
Gonadotropin-releasing hormone (GnRH) is the key 
regulator of luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH) secretion. Neurotransmitter 
inputs to GnRH neurons include dopamine, serotonin, 
neuropeptide Y, and the predominantly excitatory effects 
of norepinephrine and glutamate and dominant inhibitory 
drive of GABA and endogenous opioid peptides. 

Opioid, serotonergic, and endocannabinoid systems 
exert inhibitory effects on excitatory systems. Opioids 
(e.g., B-endorphin) and analogs can directly inhibit 
release of hypothalamic GnRH, and thereby LH and 
testosterone release, and also mediate and modulate 
sex steroid feedback on GnRH neurons (Figure 5.1). 
Melanocortin signaling via MCR4 receptors can increase 
sexual desire and, in healthy men, erectile activity, 
effects first described with the agent bremelanotide. This 
signaling pathway has previously been described in small 


Stress, 
Nutrition, 


Exercise, 
Seasonal cues = 


Figure 5.1 Schematic diagram of the 
hypothalamic-pituitary-gonadal axis 
showing neural systems that regulate 
gonadotropin-releasing hormone (GnRH) 
secretion and feedback of gonadal steroid 
hormones at the level of the hypothal- 
amus and pituitary. CNS, central nervous 
system; CRH, corticotropin-releasing 
hormone; FSH, follicle-stimulating 
hormone; GABA, gamma-aminobutyric 
acid; GALP, galanin-like peptide; LH, 
luteinizing hormone; NE, norepinephrine; 
NPY, neuropeptide Y. Source: Low M. 
Chapter 7, Neuroendocrinology. In: 
Melmed S, Polonsky KS, Larsen PR, 
Kronenberg HM (eds), Williams Textbook of 
Endocrinology, 13th edn. Elsevier 2016. 
Reproduced with permission of Elsevier. 


Testosterone 


Inhibin 


mammals.* Gonadal steroids and inhibin B are respon- 
sible for negative feedback inhibition of gonadotropin 
secretion. 


The kisspeptin-GPR54-neurokinin 
B pathway and regulation of GnRH 
release 


Kisspeptin, a hypothalamic peptide encoded by KISS1, is 
an important neuromodulator that acts on GPR54 
receptors to regulate GnRH release.’ Kisspeptin axons 
form dense pericapillary plexuses in the human infun- 
dibular stalk, the site of neurosecretion of GnRH. 
Kisspeptin expression is regulated by testosterone and 
estradiol.® Sensitivity to sex steroid feedback, which 
may also underlie the switch from negative to positive 
feedback of estrogen in females, and metabolic cues, 
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enable regulation of sex-hormone-mediated secretion 
of gonadotropins, and control of puberty and fertility 
(Figure 5.2). The primacy of this pathway in modulating 
GnRH release is evidenced by the hypogonadotropic 
hypogonadism that ensues with loss-of-function muta- 
tions in kisspeptin, its receptor GPR54, and neurokinin 
B and its receptor in humans. 


Effect of gonadotropins at testicular 
level 


Testosterone, produced directly by the testes, or follow- 
ing conversion from androstenedione (largely of adrenal 
and testicular origin) and dehydroepiandrosterone 


/ ERa © Figure 5.2 Schematic diagram showing the 


neuroanatomy of the kisspeptin-GnRH 
pathway and the relationship between 
KNDy neurons and GnRH neurons in 
humans. Kisspeptin signals directly to the 
gonadotropin-releasing hormone (GnRH) 
neurons, which express kisspeptin receptor. 
The location of kisspeptin neuron popula- 
tions within the hypothalamus is species 
specific, residing within the preoptic area 
(POA) and the infundibular nucleus in 
humans. Kisspeptin neurons in the 
infundibular nucleus co-express neurokinin 
B and dynorphin (KNDy neurons), which 
via neurokinin B receptor and kappa opioid 
peptide receptor autosynaptically regulate 
pulsatile kisspeptin secretion, with 
neurokinin B being stimulatory and 
dynorphin inhibitory. In humans, KNDy 
neurons in the infundibular nucleus relay 
both negative (red) and positive (green) sex 
steroid feedback. The role of the POA 
kisspeptin population in mediating sex 
steroid feedback in humans is incompletely 
explored. ME, median eminence; 

—, stimulatory; 2, inhibitory; ERa, estrogen 
receptor alpha; PR, progesterone receptor; 
Kiss1/KiSS1, kisspeptin; NKB, neurokinin 
B; Dyn, dynorphin. LH, luteinizing 
hormone; FSH, follicle-stimulating 
hormone. Adapted and reproduced with 
permission from Skorupskaite et al. (2014).° 


(DHEA, and DHEA sulfate, adrenal origin), is biologically 
the most important androgen. Luteinizing hormone is 
the key regulator of Leydig cell function, and the 
principal hormone stimulating Leydig cell steroidogen- 
esis (intramitochondrial conversion of cholesterol into 
pregnenolone) and, thereby, testosterone synthesis in 
adult males. A variety of local (paracrine) testicular reg- 
ulators appear to modulate secretion of testosterone 
from Leydig cells. These include activin, inhibin, 
insulin-like growth factor 1 (IGF1), transforming 
growth factor a (TGFa), and TGF, and epidermal 
growth factor (EGF). Testosterone production totals 
between 5 and 7mg in the adult male. In per day, 
testosterone acts as a prohormone and is converted into 
its 5-alpha reduced metabolite dihydrotestosterone, 
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which has 10 times the potency of testosterone at the 
androgen receptor. Loss-of-function mutations in the 
enzyme that mediates the conversion of testosterone (T) 
to dihydrotestosterone (DHT) in the developing phallus, 
scrotum, and prostate — 5-alpha reductase isoform 
2 — leads to a disorder of male sexual development with 
microphallus and unfused scrotal folds. 

Testosterone exerts its action on the androgen 
receptor, either directly or, as discussed above, after 
local tissue conversion by 5-alpha reductase to DHT. 
Other physiological effects of testosterone are mediated 
by the estrogen receptor, following aromatization to 
estradiol, and by more rapid, non-genomic mechanisms 
(Figure 5.3).It is now recognized that the androgen 
receptor is polymorphic with respect to the number of 
polyglutamic acid (CAG), and polyglycine (GGN), 
repeats expressed at the N-terminus of the protein. 
Long GAG repeats decrease the sensitivity of androgen 
action and vice versa. 


Biosynthesis Transport Metabolism 
(plasma) 
Testis Protein bound Inactive 
(95%) (98%) metabolites 
Liver 
Testosterone Free testosterone 
(6 mg/day) (2%) Testosterone 
Peripheral 
(prostate) 
i Protein bound 
po g (99%) <== Dihydrotestosterone 
Free testosterone 
(1%) 


Figure 5.3 Production, transport, and metabolism of biologi- 
cally active androgens. Testosterone is predominantly derived 
from the testis and is mainly bound to transport proteins in 
the circulation. In peripheral tissues it is metabolized or 
converted to other active steroids such as dihydrotestosterone 
or estradiol. Reproduced and adapted with permission from 
Nieschlag E, Behre HM. Testosterone: Action, Deficiency, 
Substitution, 4th edn. Cambridge University Press, 2012; 
Chapter 2. 


Testosterone action in male sexual 
function 


Testosterone has multiple central and peripheral effects 
related to sexual function. These include promotion of 
(spontaneous) sexual thoughts, desire, erections, and 
regulation of ejaculate volume, but it is not a key deter- 
minant of orgasms per se. The broader role of testos- 
terone metabolites such as estradiol and DHT is unclear; 
previous studies had suggested that estradiol production 
through aromatization was an important prerequisite 
for normal sexual function in males,’ but a recent study 
has challenged this view by showing that percutaneous 
DHT administration at a dose that suppressed gonado- 
tropin, testosterone, and estradiol production, did not 
have an adverse effect on sexual function.*’” 

Testosterone has trophic and regulatory effects on 
penile (cavernous smooth muscle) nitric oxide synthase 
(NOS) generation, effects mediated by conversion to 
DHT. Nitric oxide generation is essential for the vasore- 
laxation that leads to erection (Figure 5.4). Importantly, 
testosterone is essential for non-stimulus-related tumes- 
cence, notably REM-sleep-related or nocturnal penile 
tumescence, positively affecting the frequency, duration, 
and magnitude of erections. 

Erections in response to erotic stimuli can occur 
without testosterone; however, testosterone is necessary 
for maximal tumescence and maintenance of arousal 
and full erection following withdrawal of any sexual 
stimulus.* Sexual interest declines with experimental 
induction of androgen deficiency using GnRH antago- 
nists or prolonged use of GnRH agonists. Treatment of 
men with androgen deficiency results in corresponding 
improvements in sexual symptoms, with restoration of 
sexual interest being apparent within 1-2 weeks. 


Endocrine disorders 


A wide range of endocrine disorders, either in isolation 
or in conjunction with other conditions, can give rise to 
sexual/erectile dysfunction (Table 5.1). Endocrinological 
assessment is required when endocrine disorder is sus- 
pected based on history, physical findings, or test results. 

If hypogonadism is identified, it is helpful to differen- 
tiate whether it is primary (testicular or hypergonado- 
trophic) or secondary (central or hypogonadotrophic) 
in nature as this will directly guide elucidation of 
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Figure 5.4 Schematic representation of the biochemical events leading to a) penile flaccidity or b) erection. a) Penile flaccidity: 
Noradrenaline (NA) binding generates inositol 1,4,5-trisphosphate (InsP,), which, by increasing intracellular calcium (Ca?) levels, 
activates Ca?*-sensitive chloride channels (CLCAs), resulting in membrane depolarization with the diffusion of the stimulus to the 
neighboring cells and the opening of voltage-operated channels (VOC). The increased Ca** flow promotes, through calmodulin, 
activation of myosin light chain (MLC) kinase (MLCK) and cell contraction. Cell contraction is also obtained by altering the Ca** 
sensitivity through a NA-induced activation of a second pathway, RhoA/ROCK, which increases, through a series of kinase 
activations, the sensitivity of MLC to Ca?*. Testosterone is considered to negatively regulate the latter event. b) Penile erection: 
Nitric oxide (NO) diffuses into smooth muscle cells (SMC) and activates a soluble guanylate cyclase (sGC), which in turn transforms 
guanosine triphosphate (GTP) into cyclic guanosine monophosphate (cGMP). Cyclic GMP activates protein kinase G (PKG), which 
through the indicated pathways, finally decreases intracellular Ca?+ levels, leading to relaxation. Phosphodiesterase type 5 (PDE5) 
metabolizes cGMP into GMP, thereby limiting its effects. Testosterone enhances PDE5 activity. Other abbreviations: CPI-17, protein 
phosphatase 1 regulatory, subunit 14A; eNOS, endothelial nitric oxide synthase; GAP, GTPase activating protein; GEF, guanine 
nucleotide exchange factor; MLCP, myosin light chain phosphatase; nNOS, neuronal nitric oxide synthase; PLC, phospholipase C; 
RhoA, Ras homolog gene family member A; ROCK, Rho-associated coiled-coil containing protein kinase; SR, sarcoplasmic reticulum. 
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Table 5.1 Classification of disorders that may be associated with endocrine and sexual dysfunction. 


Hypogonadism 


Primary* (hypergonadotrophic) — reduced serum testosterone and elevated gonadotrophins & testicular pathology 


e Trauma, torsion, cryptorchidism 
e Orchitis, HIV 


e Klinefelter’s syndrome (karyotype 47XXY), XYY syndrome, gonadal dysgenesis 


e Chemotherapy 


Secondary* (hypogonadotrophic hypogonadism, or HH) with or without hyperprolactinemia — inappropriately normal or low gonadotrophins 


e Hypothalamo-pituitary disease or damage: 


o Tumor (e.g., pituitary adenoma, craniopharyngioma), developmental cysts, hypophysitis 
o Genetic, syndromic: often isolated HH, e.g., Kallmann’s syndrome, Prader-Willi, Laurence—Moon-Bied| 


o Infiltration, e.g., sarcoid, hemochromatosis (iron overload) 
© Infection, e.g., histiocytosis, TB 

o Head 
Obesity(usually when severe) 
Type 2 di 


critical illness 


Endurance exercise 
Pharmacotherapy: 


njury, irradiation (inc. cancer therapy in childhood), vascular injury 


abetes (T2DM): multiple factors including low SHBG/serum testosterone 
Other acute and chronic systemic disorders: organ failure (liver, kidney, lung, heart), rheumatoid arthritis, starvation/malnutrition, acute and 


© Drugs elevating serum prolactin (e.g. anti-psychotics, and other agents with dopamine antagonist effects) 


© Androgenic anabolic steroids (AAS) and other recreational drugs 
© GnRH agonist or antagonist (androgen deprivation therapy) 

o Glucocorticoid excess 

o HIV therapy (reduced bioavailable serum testosterone) 

o Chronic opioid analogue therapy 

© Immune checkpoint inhibitors (hypophysitis) 


Some conditions may cause combined primary and secondary hypogonadism, e.g., hemochromatosis, thalassemia, old age 
Phenotypic heterogeneity with potential for spontaneous improvement in some variants 


Other endocrine causes 
e Thyroid dysfunction 

e Hypercalcemia 

© Cushing's syndrome 


e Rare disorders: e.g., aromatase deficiency, androgen insensitivity; other genetic disorders, e.g., DAX1 mutation, androgen resistance 


underlying pathology and further management 
(Figure 5.5). For example, suspected hypogonadotro- 
phic hypogonadism may warrant pituitary imaging and 
testing of other aspects of pituitary function, as well as 
influence the approach to replacement therapy when 
fertility is required.’ 

Central hypogonadism is uncommon, both in abso- 
lute terms and in comparison to primary testicular 
dysfunction, but the likelihood may be greater in sub- 
jects with marked hypotestosteronemia (<4.5nmol/L).'° 
In general, gonadotroph function is affected early in the 
course of pituitary failure relative to other pituitary 
end-organ axes. Central hypogonadism should be con- 
sidered in individuals who have undergone cranial irra- 
diation for non-pituitary tumors as it is more prevalent 


than suspected.'! Some conditions may result in a mix- 
ture of both types of hypogonadism (e.g., hemochroma- 
tosis, hemoglobinopathy, DAX-1 mutations, aging, 
childhood cancer treatment with chemotherapy and/or 
irradiation) .!?> 


Clinical evaluation 

The clinical history should ideally include an interview 
with the sexual partner, with a focus on the nature of 
sexual difficulty, psychological factors (stress, depres- 
sion, quality of relationship with sexual partner), risk 
factors for ED (e.g., type 2 diabetes mellitus (T2DM), 
cardiovascular, neurological, drug therapy) and factors 
that might have a bearing on subsequent management 
(e.g., drug-drug interactions, coagulopathy). Full penile 
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Figure 5.5 Hypogonadism due to alterations in the hypothalamic-pituitary-testicular axis. a) Primary hypogonadism due to 
testicular disease. Classically, this results in both androgen deficiency and impairment of sperm production and elevated luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH) levels (hypergonadotrophic hypogonadism) due to loss of negative feedback 
regulation of gonadotropins. GnRH, gonadotropin-releasing hormone; T, testosterone. b) Secondary hypogonadism due to 
hypothalamic and/or pituitary disease. This manifests as both androgen deficiency and impairment of sperm production and 
inappropriately normal or low LH and FSH levels (hypogonadotrophic hypogonadism). Source: Matsumoto A, Bremner W. 
Testicular disorders. In: Melmed S, Polonsky KS, Larsen PR, Kronenberg HM (eds), Williams Textbook of Endocrinology, 13th edn. 


Elsevier, 2016; Chapter 19. Reproduced with permission of Elsevier. 


Figure 5.6 Macroadenoma of the pituitary, with large 
suprasellar extension, causing secondary hypogonadism, and 
other features of hypopituitarism. 


tumescence under any circumstances (e.g., masturba- 


tion) suggests intact endocrine, 


vascular function, implying that a complaint of erectile 


neurological, and 


dysfunction is more likely to be psychogenic. By con- 
trast, reduced spontaneous (i.e., unrelated to coitus) 


erectile activity is suggestive of organic disease, although 
this may be a feature of longstanding psychogenic 
dysfunction. 

Suspected hypogonadism warrants enquiry about 
family history, sexual development, changes in 
secondary sexual characteristics, pointers to testicular 
pathology, 


dysfunction, and history of infertility. The possibility of 


symptoms of a pituitary mass and 
adrenal, thyroid, and other endocrine disease should 
also be considered (Figure 5.6). 

In addition to reduced sexual function, including 
spontaneous erections and fertility, androgen deficiency 
may be clinically suspected on the basis of the following 
features: a history of hot flushes; osteoporosis; disor- 
dered sexual development (delay, eunuchoidism, small 
penile size); hypogonadal (youthful) facies (i.e., pale 
skin with decreased wrinkling and sebum production); 
reduced androgen-dependent body hair (axillary, pubic, 
facial); reduction in shaving frequency; gynecomastia; 
reduced testicular volume and consistency; and low- 
volume ejaculate (Figure 5.7).Other features, for 
example, reduced physical performance, alterations in 
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Figure 5.7 Clinical features of hypogonadism. A 32-year-old 
man with severe androgen deficiency caused by Kallmann’s 
syndrome (hypogonadotrophic hypogonadism and anosmia) 
who presented with poor sexual function, sparsity of body 
hair, and poorly developed secondary sexual characteristics 
and 3 cc testes. Luteinizing hormone <1.0; follicle-stimulating 
hormone 0.4; testosterone level 1.2 U/L. 


body composition (reduced muscle bulk, increased 
fat),!* and effects on mood and psychological and gen- 
eral well-being are less specific and, from a diagnostic 
perspective, should be weighted accordingly. 


Physical examination 

Physical examination is directed to evaluating the 
differential diagnosis based on the history and ascertain- 
ing the presence of systemic disease, and pointers to vas- 
culogenic, neurological, and endocrinological disorder. 
In particular, examination of secondary sexual charac- 
teristics, testicular volumes and consistency, visual 
fields, examination of breast tissue for gynecomastia and 
galactorrhea, should be undertaken. Examination of 
height and span may give valuable insights into the 
likely time of origin of the hypogonadism. Eunuchoid 


segments (span>height by 3cm) is characteristically 
seen with a pubertal origin of hypogonadism. 


Investigations 

Careful investigation is aimed at confirming the etiology 
of sexual dysfunction suspected from clinical assessment. 
Endocrine investigations for possible hypogonadism 
should initially comprise early morning serum testos- 
terone (replicate values, preferably not during acute ill- 
ness) in view of diurnal variation resulting in an early 
morning peak and potential underestimation of serum 
testosterone later in the day,’ LH and FSH (gonadotro- 
pins), and serum prolactin as a minimum. The circadian 
rhythmicity in testosterone is generally lost after the age 
of 60. The prevalence of repeatedly low serum testos- 
terone and/or hyperprolactinemia in 1022 unselected 
men with ED was found to be 4% and 9%, respectively 
below and above the age of 50 years.’® Similarly, a low 
overall prevalence of significant structural hypothal- 
amo-pituitary lesions (6.9%, 95% confidence interval 
2.9-10.5%) has been found in men with erectile failure 
and secondary hypogonadism, albeit from a time in 
which both CT (limited sensitivity) and MRI were used; 
pituitary macroadenomas and hypothalamic lesions 
were observed solely in men with extremely low 
(<3.5nmol/L) total serum testosterone values.'° 


Total, bioavailable, and free testosterone 

Reference ranges for serum testosterone are generally 
uncorrected for age, resulting in a substantial number of 
older men with testosterone levels falling below the 
lower limit. Circulating testosterone is predominantly 
(45-50%) bound to sex hormone-binding globulin 
(SHBG) and considered unavailable for uptake by tis- 
sues. A substantial fraction (35-40%) is also bound to 
serum albumin but may be bioavailable. A much smaller 
fraction (~2%) circulates as free testosterone. In routine 
clinical practice, unless otherwise specified, all these 
fractions are assayed and reported as total serum testos- 
terone. If there is doubt about the reliability of total 
serum testosterone in reflecting the clinical situation, 
for example due to possible effects on circulating SHBG 
(Table 5.2), bioavailable or free plasma testosterone may 
be of greater diagnostic value; these can be measured or 
calculated, the latter requiring total testosterone, SHBG, 
and albumin concentrations’’ (http://www.issam.ch/ 
freetesto.htm). Assay of free testosterone by commercial 
methods involving radioimmunoassay is subject to poor 
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Table 5.2 Conditions associated with alterations in sex 
hormone-binding globulin (SHBG) concentrations. 


Reduced SHBG levels Increased SHBG levels 


Obesity (moderate or severe) Aging 

Type 2 diabetes mellitus Liver disease — cirrhosis, hepatitis 
Nephrotic syndrome HIV disease 

Glucocorticoids, progestogens Estrogens 

Hypothyroidism Thyrotoxicosis 

Acromegaly Anticonvulsants 

Familial SHBG deficiency 


accuracy, sensitivity, and inter-laboratory comparability 
versus the gold standard method, equilibrium dialysis; 
however, the latter technique is not generally available 
outside the research setting.'® 


Androgen deficiency 
Hypogonadism is an important and treatable cause of 
sexual dysfunction, yet it is a relatively uncommon 
underlying cause. Secondary disorders of sexual desire 
are most commonly associated with psychogenic factors 
(desire deficiency and performance anxiety) rather than 
androgen deficiency. A minimal level of serum test- 
osterone appears necessary for sexual desire and non- 
erotic stimulus driven erections. However, the 
relationship is less clear in ostensibly healthy, aging 
men. Similarly, the commonest ejaculatory disorder, 
premature ejaculation, is not usually related to 
endocrine or other organic disease. Androgen deficiency 
is not known to cause isolated orgasmic dysfunction. 
By contrast, androgen deficiency is a well-known 
potential cause of ED, particularly sleep-related (noc- 
turnal) erections, which may be related to decreased 
descending noradrenergic tone and night-time peaks in 
serum testosterone.” However, the prevalence of hypo- 
testosteronemia may be similar in men with and without 
ED.” Testosterone deficiency may also result in reduced 
ejaculate volume and other manifestations such as 
altered body composition, including reduced bone 
density (and increased fracture risk) and muscle mass.*!?? 
There are conflicting reports concerning the effects of 
hypogonadism and testosterone replacement therapy 
on cardiovascular events and mortality in elderly men, 
with some studies suggesting that hypogonadism is 
associated with excess mortality,’ and that testos- 
terone replacement confers a beneficial effect, poten- 


tially via cardiovascular protection.??*! In contrast, 


other data suggest that exogenous testosterone has 
uncertain, neutral, or adverse effects on cardiovascular 
risk factors and health,*?"** and may impair survival, as 
described further below. 


Late-onset hypogonadism 


Various age-related changes in well-being, including 
reduced virility, erectile dysfunction, and changes in 
body composition, have long been ascribed to declining 
testicular function. The prevalence of erectile 
dysfunction is well known to increase with age, affecting 
up to 50% of men by age 70 years.? Nocturnal penile 
tumescence has been quantified and appears to decline 
by 25% overall between adolescence and the eighth 
decade.” Serum total testosterone declines with age by 
approximately 0.124nmol/L/year.*® Similarly, between 
the ages of 40 and 70 years, free- and albumin-bound 
testosterone decrease annually by about 1.3% and 0.4% 
respectively.” >? 

This modest decline in serum testosterone with age, 
by contrast with menopausal declines of serum estradiol 
in women, has been variably described as late-onset 
hypogonadism (LOH), andropause, and androgen defi- 
ciency of the aging male (ADAM). The basis for the 
observed age-related reduction in serum testosterone 
appears to be multifactorial. In part, this may be due to 
an increase in SHBG, resulting in lower serum free tes- 
tosterone. In addition, there is also evidence of reduced 
Leydig cell numbers*® and hypothalamic-pituitary 
function,” independent of but also possibly related to 
obesity, manifesting as a relatively blunted rise in serum 
gonadotropins with age, that is, progressive primary and 
secondary hypogonadism. 

Whether the aforementioned clinical features of a 
transitional phase in aging human adult males and pro- 
gressive hypotestosteronemia are causally related is 
controversial. The European Male Ageing Study of 
approximately 3000 community-dwelling men aged 
40-79 years in eight European countries evaluated 32 
possible symptoms of hypogonadism. Only nine symp- 
toms were shown to be related to low total or free 
circulating testosterone. These comprised three sexual 
(decreased sexual interest and morning erections and 
erectile dysfunction), three physical (an inability to 
engage in vigorous activity, an inability to walk more 
than lkm, and an inability to bend, kneel, or stoop), 
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and three psychological symptoms (loss of energy, 
sadness, and fatigue). 

Using a definition of late-onset hypogonadism based 
on the presence of three (sexual) symptoms considered 
relatively specific for androgen deficiency plus low 
serum testosterone (total serum testosterone < 11 nmol/L 
pmol/L), the study 
population prevalence of LOH was found to be 2.3%. 


and free  testosterone<225 
Moderate and severe LOH, defined by the degree of 
hypotestosteronemia, was significantly associated with 
multiple end-organ deficits consistent with androgen 
action: lower hemoglobin, mid-upper arm circumfer- 
ence, bone mineral density (BMD), and physical 
function (measured by Short Form-36 questionnaire), 
slower gait speed, and poorer general health.” 

It is unclear whether treatment of older men with 
modestly subnormal serum testosterone per se 
(e.g., 8-11 nmol/L, but dependent on normative range 
for assay) with androgen replacement carries a positive 
benefit-to-risk ratio in general; unequivocal efficacy has 
not been demonstrated, and there is concern about the 
potential to cause or exacerbate conditions that are more 
prevalent in older men, for example, benign prostatic 
hyperplasia*’ and lower urinary tract symptoms (LUTS) 
or coronary heart disease,” as described further below. 

In summary, the relationship between age-related 
decline in serum testosterone and sexual dysfunction is 
not invariable, and there is no clear treatment-related 
sexual benefit, unless there is unequivocal clinical and 
biochemical (e.g., < 6 nmol/L, dependent on assay refer- 
ence range) evidence of androgen deficiency.” 
Therefore, in men with ED, underlying androgen defi- 
ciency should only be definitively diagnosed in the 
presence of compatible clinical features and at least two 
clearly subnormal early morning serum testosterone 
values,“ in order to minimize the risk of misdiagnosis, 
unduly raising treatment expectations, and inappro- 


priate androgen therapy. 


Hyperprolactinemia 

Hyperprolactinemia is a relatively infrequent cause of 
erectile failure and reduced libido in men. However, 
these are the commonest manifestations of hyperpro- 
lactinemia, in contrast to galactorrhea, and generally 
respond well to normalization of serum prolactin.***° 
A raised serum prolactin without clear cause, such as 
dopamine antagonist therapy, should prompt a screen 
for macroprolactin, a multimeric molecular variant that 


raises measured total prolactin but is biologically inac- 
tive (in contrast to monomeric prolactin), especially in 
the absence of clear-cut androgen deficiency. In this 
setting, true, monomeric hyperprolactinemia is gener- 
ally associated with pituitary disease, either related to a 
prolactinoma or due to pituitary stalk disruption (dis- 
connection) reducing tonic dopaminergic inhibition of 
lactotrophs (Figure 5.8).Very rarely, it occurs as a 
consequence of profound hypothyroidism, which itself 
can be associated with sexual dysfunction. 
Hyperprolactinemia causes central hypogonadism by 
reducing hypothalamic GnRH secretion, as well as 
pituitary peptide, 
diminishing testicular production of testosterone. This is 


responsiveness to this thereby 
unlikely to be the sole mechanism in operation, since 
libido is rarely responsive to testosterone administration 
alone unless hyperprolactinemia has been corrected. 
Alternatively, it may occur in varying degrees on top of 
direct structural damage to pituitary gonadotrophs by the 
physical presence of underlying hypothalamo-pituitary 
disorder (e.g., a mass compressing the hypothalamo- 
pituitary structure). 


Type 2 diabetes mellitus (T2DM) 

Diabetes mellitus is the commonest endocrine disorder 
associated with sexual dysfunction, including ejaculatory 
dysfunction and ED in particular. In men with T2DM, 
serum total and free testosterone is more likely to be 
slightly lower than in men who are not diabetic. In 
respect of total serum testosterone, the relationship may 
be indirectly related via a lower SHBG associated with 
obesity. Gonadotrophins are not typically elevated, and 
this has been interpreted as reflecting hypogonadotro- 
phic hypogonadism.“ The increased adiposity in T2DM 
with greater aromatization of testosterone yielding 
higher estradiol levels with subsequent feedback inhi- 
bition of gonadotropins has been suggested as one 
mechanism of the hypogonadism. 

Overall, ED may be twice as common in men with 
DM as those without. However, the rising incidence of 
T2DM, and of both conditions with age, may also mean 
that the coexistence of both conditions in any individual 
may not always be causally related. Nonetheless, the 
absence of clear alternative causes of ED, and the coex- 
istence of micro- and macrovascular complications, par- 
ticularly in the context of poor glycemic control and 
longer duration of diabetes,** is suggestive of a causative 
role for T2DM in any individual with such symptoms. 
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Figure 5.8 Right-sided macroprolactinoma with extension into the right cavernous sinus causing a right sixth nerve palsy, and 


galactorrhea. Prolactin 33,400 mU/L (nomolar range <360). 


Sexual dysfunction, particularly ED, should routinely be 
enquired about during clinical assessment of subjects 
with DM. 

Multiple factors associated with sexual dysfunction in 
DM include: psychosexual problems related to chronic 
disease; atherosclerotic peripheral vascular disease and 
treatment (e.g., betablockade); autonomic neuropathy 
(may be relevant to ejaculatory dysfunction also); endo- 
thelial (eNOS) and smooth muscle (RhoA/Rho-kinase 
abnormalities) dysfunction; and Peyronie’s disease.” 


Thyroid dysfunction 

Male patients with thyroid disease do not commonly 
complain of symptoms of sexual dysfunction. This may 
be due to a failure to elicit such symptoms given the 
predominance of classical, systemic symptoms of thyroid 
dysfunction, possible attribution to neuropsychiatric 
disturbance, and sparsity of research data concerning 
males, consistent with the greater frequency of thyroid 
disease in women. 


Thyrotoxicosis 

Thyroid hormone excess is associated with increased 
SHBG and, therefore, elevated total (but with lower 
free) serum testosterone. In addition, total and free 
estradiol levels may be elevated,’ and hyperestrogen- 
ism occasionally results in gynecomastia. The lower 
affinity of estradiol for SHBG may lead to a reduced free 
testosterone:estradiol ratio, which will accentuate the 
though 


gynecomastia. Circulating gonadotropins, 


generally normal, sometimes demonstrate an elevation 
of LH. Sexual dysfunction may manifest as reduced 
libido, potentially due to effects on mood and adren- 
ergic and serotonergic transmission.’ In one small 
observational study of Italian patients, premature ejacu- 
lation and ED were noted to affect 50% and ~15% of 
thyrotoxic subjects, respectively; symptoms of sexual 
dysfunction tended to be reversible upon attainment of 
euthyroidism.*” 


Hypothyroidism 

Hyper- and hypogonadotrophic hypogonadism,” as well 
as normal serum gonadotropins, have been described in 
adult males with thyroid underactivity. In the aforemen- 
tioned Italian study, improvement in reduced libido, 
delayed ejaculation, and ED, evident in 9 out of 14 men 
at baseline, was noted in a substantial proportion of indi- 
viduals who achieved euthyroidism with thyroid hor- 
mone replacement. The pathophysiological basis for 
these sexual symptoms is uncertain, but may involve 
defects of mood and serotonergic transmission. 


Pharmacotherapy 

Drug-induced sexual dysfunction 

This is under-recognised. In addition to better known 
examples, such as androgen deprivation therapy 
(Figure 5.9), drug-induced hyperprolactinemia and ED 
due to beta-blockers, the effects of emergent, illicit, and 
undeclared drugs, and less well appreciated impacts of 
established therapies should be entertained. 
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Figure 5.9 Hypothalamo-pituitary-testicular axis and potential 
sites of therapeutic disruption. AR, androgen receptor; DHT, 
dihydrotestosterone; LH, luteinizing hormone; LHRH, 
luteinizing hormone releasing hormone. Reproduced and 
adapted with permission from Nieschlag E, Behre HM. 
Testosterone: Action, Deficiency, Substitution, 4th edn. Cambridge 
University Press, 2012; Chapter 2. 


HIV therapy 

Over and above direct adverse effects of HIV on 
gonadal axis function,’* treatment with a number of 
antiretroviral agents can be associated with a decline 
in bioavailable testosterone and sexual function in the 
face of a normal total serum testosterone, due to 
induction of SHBG production, as noted above. A 20% 
incidence of androgen deficiency has been noted in 
men with HIV receiving highly active antiretroviral 
therapy (HAART).” In the presence of possible sym- 
ptoms of hypogonadism, a trial of testosterone 
therapy can be considered, although efficacy cannot 
be assumed. 


Opioid analogs 

Chronic use of opioid analogs is associated with hypo- 
gonadotrophic hypogonadism and is greatly under- 
appreciated, particularly in the setting of the functional 
decline associated with sarcopenia. It is important to 
ascertain as it is potentially amenable to a therapeutic 
trial of androgen supplementation.’ć 


Androgenic anabolic steroids (AAS) 

The use of AAS in certain sports is widespread and 
should be considered in the context of certain occupa- 
tions and hobbies.” AAS may be used unwittingly in 
“exercise supplements,” intermittently, in supraphysio- 
logical doses (causing acne, gynecomastia, testicular 
atrophy, and infertility), and as part of a cocktail (stack- 
ing). In particular, use of pharmacological doses of 
testosterone may lead to grossly elevated levels of 
estradiol, occasionally with the appearance of gyneco- 
mastia (“bitch tits”). Use is often deliberately unde- 
clared. AAS may not cross-react in assays for serum 
testosterone and, therefore, will not be detected unless 
sought using specialist testing such as urine mass 
spectrometry. 

AAS-induced feedback inhibition of the HPT axis 
results in hypogonadotrophic hypogonadism and low 
serum testosterone; that is, the HPT axis is downregu- 
lated or switched off. Restoration and normalization of 
HPT activity, using one of the approaches noted below, 
may be slow and confounded by intermittent re-use of 
AAS, and some regimens incorporate anastrozole or 
tamoxifen to expedite recovery of the HPT axis. 


Treatment of sexual dysfunction 
associated with endocrinopathy 


General considerations 

Since ED is often multifactorial, especially in older men, 
it is important to address all remediable factors, including 
relationship factors (psychosexual counselling), depres- 
sion, drug effects, and cardiovascular risk factors, as well 
as specific management of endocrinopathy. 

Erectile dysfunction unrelated or unamenable to 
androgen therapy can be managed with a trial of a 
selective oral phosphodiesterase type 5 (PDE5) inhib- 
itor. If that is not feasible due to a contraindication, or 
inadequacy of response, for example in subjects with 
diabetes mellitus, alternatives such as local vasodilator 
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therapy using an intra-urethral or intra-cavernosal 
method of delivery, typically of prostaglandin E1 (PGE,), 
or vacuum therapy may be tried according to avail- 
ability, preference, and medical considerations (e.g., 
desire for fertility). PDE5 therapy is efficacious in the 
treatment of men with T2DM but may be less so com- 
pared to use in psychogenic or vasculogenic ED. Efficacy 
may be improved when PDE5 therapy is used in 
combination with testosterone.” In men with DM, 
vascular dysfunction may necessitate use of higher 
doses (20-40 ug) of intra-cavernosal PGE. 

In contrast to PDE5 inhibitors, there is a paucity of 
evidence supporting adequate efficacy and acceptable 
safety of certain centrally acting therapies (generally 
used “off-label”) in the management of ED, notably tra- 
zodone (a selective serotonin reuptake inhibitor (SSRI) 
possessing antagonistic effects at 5-HT,. and alpha 1 
receptors of Adrenergic),°° yohimbine (inhibitor of 
monoamine oxidases and alpha-2 adrenoceptor antago- 
nist),°' and apomorphine (dopamine agonist). Agents 
with dopaminergic, and noradrenergic activity 
(including dopamine agonists, trazodone, bupropion, 
and venlafaxine) have been associated with adverse 
effects of increased sexual desire, and have been used 
(off-label) to induce improvements in libido. Ejaculatory 
dysfunction, which is not uncommon in men with 
T2DM, may respond to pharmacotherapeutic agents 
(used off-label), such as midodrine, ephedrine, and 
imipramine, although the evidence for efficacy is very 
limited.® Therapeutic approaches for ED in development 
include potassium channel modulators and gene and 
stem cell therapy. 


Testosterone therapy 

Men with unequivocal hypogonadism should be treated 
with androgen replacement (supplementation), gener- 
ally indefinitely for most pathologies, unless fertility is 
also required in the setting of secondary gonadal failure. 
In this situation, testosterone therapy should be avoided 
as it results in inappropriately low intra-testicular tes- 
tosterone concentrations, which impairs spermatogen- 
esis; an approach relying on testicular stimulation of 
both testosterone production and spermatogenesis 
should be employed instead. Treatment options in this 
setting include oral clomifene citrate, parenteral human 
chorionic gonadotropin (hCG) with or without human 
menopausal gonadotropin (hMG), and pulsatile GnRH 
delivered subcutaneously by pump. 


Testosterone therapy is contraindicated in men with 
breast or prostate cancer. Preceding specialist evaluation 
is indicated in the presence of suspected prostate cancer 
(e.g., uncharacterized prostatic abnormality such as 
nodule or elevated PSA), severe LUTS, erythrocytosis, 
untreated severe obstructive sleep apnea, or poorly 
controlled heart failure, due to the possibility of exacer- 
bation by androgen treatment. In highly selected 
hypogonadal patients with a remote history (>1 year) of 
fully resected prostate cancer (prostate-specific antigen 
(PSA) <0.1ng/dL), testosterone replacement therapy 
has been cautiously administered with benefit and 
without evidence of PSA recurrence.“ 

Dosing with testosterone should be based on the 
degree of androgen deficiency, consideration of comor- 
bidities, and clinical response, guided by biochemical 
monitoring. It should be initiated cautiously, especially 
in cases of severe and longstanding hypogonadism, to 
minimize the risk of adverse events (see below). A trial 
of testosterone therapy might be considered in men 
with putative LOH, targeting the lower end of the ref- 
erent range (e.g, < 14nmol/L) and recognizing that 
there may be a limited response, if at all. An algorithm 
to guide investigation and management of suspected 
hypogonadism is depicted in Figure 5.10. 

Evidence concerning the utility of androgen 
replacement therapy is largely drawn from studies of 
testosterone in hypogonadal men.* These have demon- 
strated improvements in overall sexual activity, 
including domains related to overall satisfaction, sexual 
desire and thoughts, frequency and magnitude of 
spontaneous (nocturnal) erections, erectile scores, and 
intercourse frequency. There is also some evidence of 
promotion of response to PDE5 inhibitors by androgen 
therapy, possibly by induction of penile NOS, in men 
who have failed to respond to sildenafil.°° In one meta- 
analysis that included hypogonadal men, testosterone 
was significantly more likely than placebo to restore 
erectile function (575 vs 16.7%). Further, the response 
rate was notably higher in men with erectile dysfunction 
due to primary hypogonadism compared to those with 
secondary causes (64% vs 44%), and also in men 
treated by the transdermal route compared to intramus- 
cular or oral administration (80.9%, 51.3%, and 53.2%, 
respectively) .°” 

In addition to improvement in sexual function, there 
are other important benefits of androgen therapy.” 


These include improvement of vitality and well-being, 
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Figure 5.10 Investigation and management of suspected hypogonadism. FSH, follicle-stimulating hormone; GnRH, gonadotropin- 


releasing hormone; hCG, human chorionic gonadotropin; LH, luteinizing hormone; MRI, magnetic resonance imaging; 


T, testosterone. 


and body hair, body composition and function (muscle 
mass and strength, fat-free mass, and bone mineral 
density).6874 


Choice of preparation 

Various options for androgen replacement therapy exist, 
differing largely in their route of administration, formu- 
lation, and pharmacokinetics, giving rise to variable 
durations of effect, and differences in peak and trough 
(waning) effects, convenience, and cost.” 

One of the earliest approaches, and one still com- 
monly employed, entails intramuscular injections of 
testosterone esters every 1-3 weeks (e.g., cypionate, 
enanthate); convenience has been improved since the 
availability of a castor oil formulation of testosterone 


undecanoate that can be given every 2-3 months. 
Another potentially convenient method involves the 
use of testosterone pellets, implanted subcutaneously 
under local anesthesia. Clinical efficacy is maintained 
for 3-6 months, depending on dose (e.g., 400-1000 mg) 
and is not subject to the peak and trough effects apparent 
with intramuscular injections of standard formulations 
of testosterone esters. 

Transdermal formulations of testosterone have 
become increasingly popular over the past few decades,® 
largely because of convenience. Whilst transdermal 
patches, which vary in required site of application 
(genital or non-genital skin), are ostensibly convenient, 
they are not always well tolerated because of local irri- 
tation and lack of reliable adhesion. Topical testosterone 
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gels, which require daily self-application, and enable 
ready dose titration, are very widely used. Patients 
should be warned of potential risk of passive transfer, 
particularly to female intimates, and should take pre- 
cautions to minimize this according to instructions in 
the package insert. 

Daily, oral administration of testosterone undecano- 
ate formulated in castor oil (and other excipients 
including medium-chain triglycerides) arguably offers 
the most convenient means of treating androgen defi- 
ciency. However, its use results in a non-physiologically 
high ratio of dihydrotestosterone to testosterone, and 
there may be significant inter- and intra-individual var- 
iation in absorption via lymphatics. For these reasons, 
use of this formulation is relatively limited in endocrine 
clinical practice. Buccal preparations of testosterone are 
also available. 


Adverse effects 

The nature of potential adverse events should clearly be 
discussed in advance of treatment. Risk minimization 
requires standardized, regular surveillance for changes 
in prostate health (evaluation of LUTS severity, PSA, 
digital rectal examination), hematocrit,*””° lipids 
(including reduced HDL, although improvements in 
total cholesterol are also reported),” and adverse effects 
on other aspects of well-being (e.g., behavior, tender 
gynecomastia due to aromatization to estrogen, acne, 
male pattern alopecia), and systemic comorbidities.”* 

A widely advocated surveillance schedule is 1, 3, 6, 
and 12 months after initiation of testosterone therapy 
and annually thereafter,“ reflecting the time course of 
attainment of stable serum testosterone, and mea- 
sures of efficacy and adverse events. A rise in serum 
PSA by 1 ng/dL or a PSA velocity of 0.4ng/dL or more 
per year over at least 2 years warrants urological 
assessment. Erythrocytosis requires temporary cessa- 
tion of testosterone therapy and investigation for 
other potential underlying causes. In the absence of 
any such cause, resumption of testosterone treatment 
at a lower dose may be considered. Recurrent 
polycythemia can sometimes be managed by concomitant 
periodic venesection. 

Recently, a few observational studies in men have 
suggested that androgen supplementation may carry a 
heightened risk of major adverse cardiovascular events, 
particularly in older men or those with a history of heart 
disease,” supporting a qualitatively similar finding in an 


earlier trial of androgen therapy that was discontinued 
before completion.*® Further substantial, high quality, 
prospective clinical trial data characterizing the cardio- 
vascular safety profile of androgen therapy, including in 
older men with age-related decline in androgen levels, 
are required before conclusive evidence of a causal rela- 
tionship can be assumed.*! Until these become available, 
middle-aged and older men should be counseled about 
this issue.” 


Other medical therapies 

Hyperprolactinemia due to prolactinoma is generally 
highly susceptible to effective treatment with dopamine 
agonist therapy.*”*’ In selected hypogonadal patients, 
particularly those with central hypogonadism and/or 
infertility, specialist treatments other than testosterone 
may be required. Clomiphene citrate, an oral selective 
receptor 
therapeutic impact on erectile dysfunction in individ- 
hypogonadotrophic 
Specialist supervision is required for therapy with 


estrogen modulator, may have limited 


uals with hypogonadism.*4 


human chorionic gonadotropin (hCG) (subcutaneous, 
once or twice weekly), and pulsatile GnRH. Selective 
androgen receptor modulators (SARMs), which may 
offer an improved benefit-risk profile in comparison to 
testosterone therapy, are still undergoing development.” 
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CHAPTER 6 


Pharmacology of drugs used for the treatment 


of erectile dysfunction 


Ian Eardley 
Leeds Teaching Hospital Trust, Leeds, UK 


Introduction 


Drugs have been used increasingly for the treatment of 
men with erectile dysfunction (ED) since the 1980s. 
While oral agents such as yohimbine were used in those 
early days, their efficacy was relatively poor and the dis- 
covery in the mid-1980s that intracavernosal injection 
of vasoactive agents was both feasible and effective 
made that approach the most commonly used means of 
treating men with ED, until the late 1990s. In 1998, oral 
sildenafil was approved in the United States for the 
treatment of men with ED, and subsequently a number 
of similar compounds have been made available for 
clinical use. These compounds have proven to be 
effective and safe and remain the most widely used 
pharmacological agents for men with ED. However, a 
number of other oral and topical agents have subse- 
quently been licencsed and used with varying degrees of 
success. This chapter will describe the clinical pharma- 
cology of these drugs, with an emphasis upon those 
agents that are used in clinical practice today. 


Oral agents 


The launch of sildenafil in 1998 fundamentally changed 
the management of men with ED. Prior to that date, for 
most men, either intracavernosal or intraurethral 
administration had been required for drugs to be effec- 
tive. Sildenafil was the first of a class of effective oral 
agents that became known as the PDE5 (phosphodies- 
terase type 5) inhibitors, although both prior to the 


launch of sildenafil and subsequently, other oral agents 
have been used in the treatment of men with ED with 
varying degrees of success. This section deals with the 
clinical pharmacology of the oral agents. 


Phosphodiesterase type 5 (PDE5) inhibitors 
The primary neurotransmitter that mediates penile 
erection in the human male is nitric oxide. It is released 
from parasympathetic nerve endings within the penis in 
response to a sexual stimulus, and is augmented by 
release of nitric oxide from the vascular endothelium of 
the corpus cavernosum. After penetrating the smooth 
muscle cells of the corpus cavernosum and the penile 
vasculature, nitric oxide stimulates the soluble enzyme 
guanylate cyclase to convert guanosine triphosphate 
(GTP) to cyclic guanosine monophosphate (cGMP), 
which is the active second messenger that stimulates 
smooth muscle relaxation. Downstream effects include 
activation of protein kinase G, alterations in the function 
of cellular ion channels, and reduction in the intracel- 
lular calcium with consequent smooth muscle relaxa- 
tion, vasodilatation, and penile erection. The effects of 
cGMP are terminated in the penis by the enzyme phos- 
phodiesterase type 5 (PDE5), which converts the cGMP 
into linear 5-GMP.'? Inhibitors of PDE5 therefore, in the 
presence of a sexual stimulus, will maintain higher 
levels of intracavernosal smooth muscle cGMP, thereby 
potentiating the smooth muscle relaxation and as a 
consequence improving the erectile response. In the 
absence of a sexual stimulus, given that the level of 
nitric oxide is low, the PDE5 inhibitors will have no 
effect at all upon penile erection. 
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Affinity and selectivity of the PDE5 inhibitors 

PDE5 inhibitors are competitive inhibitors of the 
enzyme, and compete for the catalytic binding site on 
the enzyme where cGMP is usually bound. Several of 
the drugs have a structural similarity to cGMP but bind 
to this site with higher affinity than cGMP. This affinity 
is assessed pharmacologically by measurement of the 
IC. 
produce 50% inhibition of the enzyme. Therefore, the 
lower the IC y 
be seen in Table 6.1, the IC,, of the commercially avail- 


which is the dose of the drug that is required to 


the more potent the compound. As can 


able PDE5 inhibitors are all in the nanomolar range. 
That they are not degraded by the enzyme itself may 
be significant, since those drugs that bind most tightly 
to the enzyme might have a prolonged effect because 
of this.’ 

Phosphodiesterase type 5 is only one of 11 types of 
phosphodiesterase that have differential activity for 
cGMP and for cAMP, differential tissue distribution 
(Table 6.2),and different physiological functions. PDE5 
is found in high concentrations within the corpus caver- 
nosum, but is also found in other tissues including 
vascular smooth muscle, smooth muscle of the upper 


Table 6.1 Affinity and selectivity of the phosphodiesterase type 
5 (PDE5) inhibitors. 


Inhibitor IC,, for PDES PDE selectivity 
Sildenafil*? 3.7 nM Low activity against PDE6 
(16-fold difference) 
Tadalafil** 1.8 nM Low activity against PDE11 
(25-fold difference) 
Vardenafil*® 0.91 nM Low activity against PDE6 
(21-fold difference) 
Avanafil®® 1nM Very low activity against 
PDE6 (121-fold difference) 
Udenafil’ 5.84 nM Low activity against PDE3 
(8.9-fold difference) 
Low activity against PDE6 
(9.1-fold difference) 
Mirodenafil® 0.33 nM Low activity against PDE6 
Lodenafil? <10 nM Low activity against PDE1 
(IC,,=31.6 nM) 
Low activity against PDE10 


(IC,,=36.2 nM) 


IC,,=median inhibitory concentration. 


gastrointestinal tract, and the nasopharyngeal mucosa. 
In addition to having a high affinity for PDE5, clinically 
useful inhibitors should also have a low affinity for the 
other PDEs, thereby avoiding unwanted pharmacolog- 
ical effects. The degree to which the clinically available 
compounds actually achieve this is summarized in 
Table 6.1. 


Table 6.2 Tissue distribution of the phosphodiesterase 
enzymes. 


PDEA1 Smooth muscle, heart, lung, brain, sperm 

PDE1B Neurons, lymphocytes, smooth muscle 

PDE1C Brain, proliferating human smooth muscle, spermatids, 
olfactory epithelium 

PDE2A Adrenal medulla, brain, heart, platelets, macrophages, 
endothelial cells 

PDE3A Heart, vascular smooth muscle, platelets, oocyte, kidney 

PDE3B Vascular smooth muscle, adipocytes, hepatocytes, kidney, 
6 cells, developing sperm, T lymphocytes, macrophages 

PDE4A Widely expressed with mRNA found in many tissues 
especially olfactory system, immune cells, and testis 

PDE4B High levels of mRNA detected in a variety of tissues 
especially immune cells and brain 

PDE4C Lung, testis, and several cell lines mainly of neuronal 
origin 

PDE4D Widely distributed and found in a variety of tissues 

PDESA Platelets, vascular smooth muscle, brain, lung, heart, 
kidney, skeletal muscle 

DE6A/ Rod cells of the photoreceptor layer of retina; also found 

PDE6B in pineal gland 

PDE6C Cone cells of the photoreceptor layer of retina; also 
found in pineal gland 

PDE7A Immune cells, heart, skeletal muscle, endothelial cells 

PDE7B Brain, heart, liver, skeletal muscle, pancreas, testis 

PDE8A Many tissues especially testis, spleen, small intestine, 
ovary, colon, and kidney 

PDE8B Brain and thyroid 

PDE9A Highest levels in kidney, brain, spleen, various 
gastrointestinal tissues, and prostate 

PDE10A Highest expression in brain, testis, heart, and thyroid 

PDE11A Skeletal muscle, prostate, testis, salivary gland, thyroid 


gland, liver 
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The clinically encountered side effects of the PDE5 
inhibitors probably reflect inhibition of PDE5 in other 
tissues. The most prominent of these are headache, 
nasal congestion, indigestion, and slight lowering of 
blood pressure.'*'! Cross-reactivity with PDE6, a feature 
of sildenafil and to a lesser degree of vardenafil, poten- 
tially causes visual side effects, since PDE6 is located in 
the retina. Indeed, visual side effects are an occasional 
dose-related consequence of treatment with sildenafil," 
although there only seems to be a modest and reversible 
effect upon the electroretinogram associated with a 
bluish tinge to vision.” Tadalafil has minor activity 
against PDE11. While the physiological role of PDE11 is 
unknown it is found in skeletal muscle, prostate, heart, 
testis, and the anterior pituitary. It is not thought that 
the effect of tadalafil upon PDE11 has any significant 
functional consequence. 


Pharmacokinetics of the PDE5 inhibitors 

While all the commercially available PDE5 inhibitors 
have a high affinity for PDE5 and reasonably good 
selectivity for PDE5 over the other isoenzymes, there 
are differences in their kinetics that differentiate the 
compounds clinically. These characteristics are summa- 
rized in Table 6.3 and reflect the kinetics of the drugs 
when used in on demand. 

The T a to a large extent predicts the onset of clinical 
activity, with most of the drugs having data demon- 
strating efficacy in some patients within an hour.'! 
Although there are differences between the T of the 
different compounds, the nature of the clinical trials 
means that it is impossible to say whether one of the 
drugs is “faster” than the others, however. On the other 
hand, the T, of two of the compounds, namely tadalafil 
and udenafil, is substantially longer than the other 


Table 6.3 Pharmacokinetics of the PDE5 inhibitors. 


compounds and this predicts a longer duration of 
action.’°"! It also allows these drugs to be used differ- 
ently on a regular dosing basis. The kinetics of tadalafil, 
when used on a daily dosing basis, show that steady 
state is reached within around 5 days, with exposure 
being approximately 1.6-fold greater than after a single 
dose.'* 

Food will delay the absorption of all the PDE5 
inhibitors, although the effect is less marked for 
tadalafil, in part because it is the slowest to be absorbed 
anyway. 

The PDE5 inhibitors are metabolized in the liver, with 
inhibitors of the CYP3A4 enzyme system potentiating 
and prolonging the PDE5 inhibitory effect. 


Drug interactions of the PDE5 inhibitors 

Given the metabolism within the liver, this class of 
drugs typically interact with drugs that affect the 
CYP3A4 system. Drugs such as rifampicin, which induce 
CYP3A4, will decrease PDE5 inhibitor levels, while 
inhibitors of CYP3A4 such as erythromycin, ketocon- 
azole, and protease inhibitors such as ritonavir, will 
increase the plasma levels of the PDE5 inhibitors. 

The other major interactions of this class of com- 
pounds relate to action on the systemic vasculature. 
Organic nitrates interact significantly with all these 
drugs, and in severe cases can result in severe hypoten- 
sion, which can be lethal if not recognized.'*!’ As such, 
concurrent use of PDE5 inhibitors with nitrates or nitric 
oxide donors is absolutely contraindicated. There are 
similar but less marked interactions with alpha-adreno- 
ceptor blocking agents,” where again when taken con- 
currently there can be significant postural hypotension. 
However, if there is a 6-hour time delay between using 
the two medications this interaction is not seen, meaning 


Inhibitor Crax (ng/mL)? Ti T,, (h) Bioavailability 
Sildenafil 450 (100 mg) 0.8 3-5 40% 

Tadalafil'* 378 (20mg) 2 17.5 Not reported in humans 
Vardenafil* 20.9 (20mg) 0.7-0.9 4-5 14.5% 

Avanafil'® Not reported 0.5-75 5 Not reported in humans 
Udenafil'® 416.2 (100mg) 0.8-1.3 7.3-12.1 Not reported 
Mirodenafil'” 373.4 (100mg) 1.26 1.96 Not reported 

Lodenafil? 157 (160mg) 1.2 2.4 Not identified 


Values in brackets denote the dose of the drug that was used in the study where the values of C „were calculated. 


Pharmacology of drugs used for the treatment of erectile dysfunction 51 


that these two classes of drugs can be used together in 
clinical practice, providing that this precaution is taken. 


Clinical effects of the PDE5 inhibitors 
The PDE5 inhibitors are effective treatments for ED 
when used orally. Those that are clinically available 
have similar efficacy,'°'' with around 70% from a 
broad population of men with ED having a good 
response to therapy. Some patients respond better 
than others; notably men who have developed ED fol- 
lowing radical prostatectomy have a poor response 
rate because with the damage to the cavernosal nerves 
there is no neuronal release of nitric oxide, and 
without such release the PDE5 inhibitors will be 
ineffective. Similarly poor response rates are seen in 
diabetic men, where it is presumed that the severe 
endothelial dysfunction that underlies the pathophys- 
iology of ED explains the poor response.'°'' To date, 
there has been no evidence of tachyphylaxis with the 
PDE5 inhibitors.'° 

As outlined above, the chief side effects are headache, 
flushing, indigestion, and nasopharyngeal congestion. ° 
These side effects are seen to some extent with all the 
PDE5 inhibitors and probably reflect inhibition of PDE5 
in other parts of the body. With sildenafil there are occa- 
sional visual side effects, reflecting the interaction with 
PDE6. With tadalafil, muscular cramps or back pain are 
an occasional side effect. As discussed earlier, while it 
was hypothesized that this reflected inhibition of PDE11, 
there is no evidence for this and it may simply reflect 
the long duration of action of tadalafil. The side-effect 
profile of tadalafil when used on a daily dosing basis (at 
a dose of 5mg daily) is not substantially different from 
the profile when used on demand, where the doses used 
are higher (10-20 mg). 


Apomorphine 
Apomorphine is a mixed D1/D2 receptor dopaminergic 
agonist that has a high affinity for D2-like receptors (D2, 
D3, and D4) that are thought to be important for the 
initiation of penile erection within the paraventricular 
nucleus.” Inanimal studies, apomorphine administration 
appears to activate oxytocinergic neurons that project 
from the hypothalamus to the spinal cord and which 
appear to stimulate penile erection.” 

Ineffective when swallowed, apomorphine has been 
developed as a sublingual formulation for men with ED. 
When administered sublingually it results in detectable 


plasma concentrations within 10min, with a Ta of 
around 0.74hours and a T, of 2.7-4.2 hours. Although 
apomorphine is highly bound to plasma proteins, it is 
also highly lipid soluble and therefore able to cross the 
blood-brain barrier, such that brain concentrations are 
around six times higher than those seen in plasma. After 
metabolism, most apomorphine is excreted in the 
urine.*! Although both 2mg and 3mg formulations 
have been licensed, the lower dose should be used in 
men with either renal or hepatic impairment. (Note: 
The availability of this drug is now variable in different 
countries. It was licensed in the UK, for instance, but is 
no longer available there.) 

Efficacy was demonstrated at both the 2mg and the 
3mg dosage for men with ED, with a side-effect profile 
that included nausea, headache, and dizziness.’ A few 
patients developed syncope, although this was relatively 
rare. Although higher doses were used in the clinical 
trials the frequency of adverse events precluded 
licensing of those higher doses.” It was also recom- 
mended that caution be exercised when apomorphine 
was administered in combination with antihypertensive 
medication and with nitrates.?! In a single trial com- 
paring apomorphine with sildenafil in men with ED, the 
latter demonstrated considerably greater efficacy,** and 
the use of apomorphine has subsequently diminished 
considerably. 


Other oral agents 

Yohimbine is an alpha-2 adrenoceptor antagonist that 
has been used for many years for the treatment of ED. 
It was used prior to the advent of intracavernosal injec- 
tion therapy, although it had relatively poor efficacy. 
Since the launch of the PDE5 inhibitors it has had only 
a very minor role in the therapeutic armamentarium. 
Quite how it works has remained somewhat elusive. 
Initially thought to act centrally as an alpha-2 adreno- 
ceptor antagonist that “switched off” pathways that 
inhibit erections, there is increasing evidence that it 
may act peripherally to block vasoconstriction of the 
penile arteries." Orally active, at doses of 5-15 mg, it 
has a T 


max 


longer.” The duration of activity is, however, somewhat 


of just over 1 hour, with a T, that is only just 


longer at around 12 hours, reflecting the production 
of an active metabolite.”’* There is evidence of 
modest efficacy in men with ED,” but there is an 
extensive side-effect profile including symptoms of 
increased sympathetic activity 


(anxiety, nausea, 
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restlessness, agitation, sleeplessness, tachycardia, palpi- 
tations, and diarrhea)."! 

An oral preparation of phentolamine underwent 
clinical trials in the late 1990s. The pharmacology of 
phentolamine is discussed more fully below, but the oral 
formulation never reached clinical practice. 


Intracavernosal agents 


Intracavernosal application of drugs for the treatment 
of ED was first described in the early 1980s by 
Brindley” and Virag.” Their pioneering work led to 
widespread clinical use of a variety of intracavernosal 
agents for men with ED, all of which had a common 
mechanism of action, namely relaxation of the caver- 
nosal smooth muscle. The drugs achieved this by a 
variety of pharmacological mechanisms, which are 
described in detail below. Cavernosal smooth muscle 
relaxation, usually allied with arterial vasodilatation, 
results in tumescence, and ultimately, when accompa- 
nied by closure of the veno-occlusive mechanism 
(see Chapter 3) in a rigid penile erection. The need to 
apply these drugs intracavernosally reflects their 
potential to cause systemic vasodilatation if adminis- 
tered intravenously. The most plausible explanation 
for the ability of a localized injection within the corpus 
to produce 
throughout the penis with subsequent erection 


cavernosum generalized tumescence 
involves the spread of electric current and ions bet- 
ween penile smooth muscle cells via gap junctions.*! 
At the present time, the only drugs used in clinical 
practice (either alone or in combination) are prosta- 
glandin E, (alprostadil), papaverine, phentolamine, and 


vasoactive intestinal polypeptide (VIP). 


Alprostadil (prostaglandin E,/PGE,) 

Alprostadil is a synthetic form of prostaglandin E,, 
which itself is a naturally occurring prostaglandin found 
in particularly high concentration in semen. PGE, is 
licensed for intracavernosal, intraurethral, and topical 
use. It is a smooth muscle relaxant within the penis, 
with its effect being mediated via activation of specific 
receptors on the smooth muscle cell, which stimulate 
adenylate cyclase to produce increased levels of intra- 
cellular cyclic AMP (cAMP). Downstream effects 
are entirely analogous to those seen with increased 
levels of cGMP following PDE5 inhibition. Additional 


mechanisms may involve the inhibition of noradrena- 
line release from sympathetic nerve terminals and 
suppression of angiotensin II secretion from the corpus 
cavernosum.” The actual mechanism of breakdown of 
PGE, within the penis is poorly understood, although 
it is known to have a short duration of action and 
to be extensively metabolized.*? Excretion is mainly in 
the urine. Following intracavernosal administration of 
doses of between 5 and 40ypg, an erectile response 
occurs within 10-15 minutes and persists typically for 
up to an hour. Response rates vary according to the 
population being treated, but generally 70-80% of men 
will achieve a good erectile response.'! The major side 
effects are penile pain, which occurs in up to 50% of 
men, and prolonged erections, which are relatively 
uncommon.” Erections that last longer than 3—4 hours 
require specific treatment, since erections that last 
longer than this can result in permanent penile damage. 


Papaverine 

Papaverine is a non-specific phosphodiesterase inhibitor 
that was first used as a treatment for erectile dysfunction 
by Virag.” Pharmacologically it has been shown to relax 
both cavernosal smooth muscle and penile arteries.” 
Used at doses between 30 and 110mg it is an effective 
treatment for men with ED, but its clinical use is limited 
by the relatively high rate of prolonged erection and 
penile fibrosis.’ Although it was once used widely, it is 
not actually licensed for this indication. 


Phentolamine 

Phentolamine is a non-selective competitive antagonist 
of the alpha-adrenoceptors with similar affinity for the 
alpha-1 and alpha-2 receptors, although there are pos- 
sible additional effects as a serotoninergic antagonist, as 
an activator of nitric oxide synthase, and as a mast cell 
activator.” As a single agent, when administered 
intracavernosally it has limited efficacy and is most 
commonly administered either in combination with 
papaverine or with VIP. 


Vasoactive intestinal polypeptide (VIP) 

VIP is a naturally occurring polypeptide that has been 
proposed as a putative neurotransmitter mediating 
penile erection. It is co-localized within penile nerves 
with acetylcholine and with nitric oxide.** Its actions, 
which include vasodilatation, are mediated via stim- 
ulation of membrane-bound adenylate cyclase with 
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increased levels of intracellular cAMP. Following intra- 
cavernosal injection it has a short plasma half-life and 
on its own does not produce an erection.” Its main use 
has been in combination with phentolamine. *° 


Combination therapy 

The combination of papaverine and phentolamine was 
the earliest combination treatment used for intracaver- 
nosal injection therapy. A typical combination used 
1 mg phentolamine with 30 mg papaverine,'' and indeed 
such a combination was marketed in some European 
countries. As a combination the potential advantages 
over single drug administration are increased (synergistic) 
efficacy and reduced side effects, although the potential 
for prolonged erections and penile fibrosis remains.'° 

More recently the combination of phentolamine and 
VIP has been extensively investigated as an intracaver- 
nosal therapy.***” Again, the efficacy of the two agents 
combined appears to be significantly greater than for 
either of the two agents when used independently. The 
side-effect profile is relatively benign, although one 
notable difference from other intracavernosal formula- 
tions is the presence of systemic vasodilation and flush- 
ing, which reflects the effects of VIP within the general 
circulation. Although it has been licensed as a 
combination therapy for men with ED, it has not been 
extensively marketed. 

Finally the other combination that has been widely 
used, particularly in North America, is so-called “tri- 
mix,” which combines papaverine, phentolamine, and 
prostaglandin E,.'! Although there is little clinical trial 
evidence, the combination appears to have considerable 
efficacy, albeit with a relatively high rate of prolonged 
erection. The combination has never been licensed and 
local reconstitution within a hospital pharmacy is 
required. Although the proportions of the different 
drugs used vary, a typical combination is 40 ug of PGE, 
1 mg of phentolamine, and 30mg of papaverine." 


Other agents 


Intraurethral therapy 

Alprostadil has also been administered intraurethrally 
for men with ED, and for a time, just prior to the launch 
of sildenafil, this proved to be a widely used and reason- 
ably effective therapy. The cellular mechanism of action 
of alprostadil is described above. When administered 


intraurethrally, the alprostadil is absorbed via the ure- 
thral mucosa into the corpus spongiosum, and then 
passes retrogradely via venous channels into the corpus 
cavernosum.** There is significant “spillage” into the 
systemic circulation such that much higher doses are 
required (between 125 and 1000 pg) for efficacy to be 
achieved and such that there is a low but definite inci- 
dence of flushing and systemic hypotension.” The 
clinical effect occurs within 5-10 min and the duration 
of effect is around 1 hour. Clinical trials have demon- 
strated modest efficacy,*”*? but less so than intracaver- 
nosal injection therapy.*° It is less convenient than oral 
therapy and its clinical usage is limited nowadays.'°"! 


Topical therapy 

Alprostadil has also been formulated in a topical prepa- 
ration that can be used for men with ED.*!** Recently 
marketed in North America and in Europe, the pharma- 
cological mode of action has been described above. 
Absorption through the skin is improved by the skin 
permeation enhancer 2-dimethyl-amino-propionic acid 
dodecyl ester (DDAIP). Once absorbed through the skin, 
access to the corpus cavernosum is achieved by retro- 
grade venous flow in a way analogous to the intraure- 
thral preparation. Following application inside the distal 
urethra, T ax is achieved in 0.6-1 hour, with a T, of 3-5 
hours. The clinical effect occurs within 5-30 min. Again, 
due to loss into the systemic circulation, large doses of 
100-300 ug are required for clinical efficacy. Efficacy 
rates appear substantially lower than the PDE5 
inhibitors. 


Summary 


A variety of drugs have been used for the treatment of 
ED, with a range of pharmacological actions. To date, 
drugs that work peripherally within the penis have been 
more successful than centrally acting agents, although 
they either have to be administered locally or there has 
to be some “special” mechanism to achieve tissue speci- 
ficity. The way in which the PDE5 inhibitors achieve this 
is via the requirement for neuronal release of nitric 
oxide within the penis, which can only occur in the 
presence of a sexual stimulus. The efficacy and safety of 
the PDE5 inhibitors have made them the market leaders, 
and their role in the management of men with ED will 
be described in Chapter 19. Centrally acting drugs have 
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to date been disappointing, with their side-effect profiles 


limiting the dose of the drug that can safely be used. 
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CHAPTER 7 


Pharmacology of drugs used in premature 


ejaculation 


Michael Grant Wyllie 
Global Pharma Consulting, Banbury, UK 


In several urological disorders, particularly the lower 
urinary tract symptoms (LUTS) associated with both 
overactive bladder (OAB) and benign prostatic hyper- 
plasia (BPH), the textbooks would have us believe that 
the pharmacology and/or pathophysiology underlying 
clinical benefit is well understood. This is particularly 
true of the dogma relating the utility of sildenafil in 
erectile dysfunction (ED) to an exclusive action in the 
periphery on one isoenzyme of phosphodiesterase. The 
actuality may be completely different, with contribu- 
tions from other isoenzymes not only at peripheral 
autonomic neuroeffector junctions but also within the 
central nervous system (CNS) potentially making con- 
tributions. Our understanding of the pharmacology of 
drugs used in the treatment of premature ejaculation is 
even poorer due to a combination of factors: 

1 Evidence-based support for the clinical utility of most 
drugs is somewhat limited compared to that available 
for other urological and sexual health disorders/ 
dysfunctions. 

2 The polypharmacology of “effective” agents. 

3 The lack of proven animal models of both the 
ejaculatory reflex and the pathophysiology of prema- 
ture ejaculation. 

However, the most obvious starting point is an exami- 
nation of the three major classes of agents that have 
achieved some degree of approved or “off-label” utility: 
neurotransmitter uptake inhibitors; locally acting 
agents; and centrally active agents (e.g., opioids, as 
exemplified by tramadol, and oxytocin antagonists). 


“Selective” neurotransmitter 
reuptake inhibitors 


Like many drug discovery programs the impetus arose 
form chance clinical observation where one man’s 
side effect is another man’s benefit; that is, the well- 
documented side effect of certain antidepressants is 
delay of ejaculation. In terms of exploitation of this side 
effect, there is a plethora of published data from carefully 
controlled clinical trials (see, e.g., Ref. 1) and the resul- 
tant meta-analyses showing that there is some degree of 
clinical benefit in the long-term use of reuptake inhibi- 
tors, particularly those that inhibit the serotonin reup- 
take system. From double-blind, placebo-controlled 
studies there is little doubt that some degree of clinical 
benefit can be achieved in the absence of obtrusive side 
effects. This includes the demonstration of significant 
changes in objective endpoints, particularly intravaginal 
ejaculatory latency (IELT), and patient-reported out- 
comes (PROs), such as the index of premature ejacula- 
tion (IPE) and premature ejaculation profile (PEP). 
Over the last decade, driven perhaps by commercial 
considerations rather than serious scientists, it has 
become the dogma that selectivity for this monoamine 
over the catecholamines (dopamine and norepineph- 
rine) is particularly advantageous. Hence a certain 
cachet is attached to any drug labeled as a selective sero- 
tonin reuptake inhibitor (SSRI). Unfortunately some of 
the more clinically effective reuptake inhibitors, such as 
clomipramine, are not particularly selective for the 
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serotonin reuptake system, and truly selective agents 
have not made it into clinical evaluation. Clinical vali- 
dation would be dependent on evaluation of much 
more selective agents, for example, panuramine.? 
However, it remains that drugs that inhibit serotonin 
reuptake are effective, so one can assume that this neu- 
rotransmitter is involved in the modulation of the 
ejaculatory reflex and contributes to some degree to the 
clinical profile of drugs such as dapoxetine? (Figure 7.1). 

However, given the medical need and size of the 
commercial opportunity it is somewhat surprising that a 
second generation dapoxetine has not been developed. 
In an attempt to define the pharmacology of PE it is 
important to understand the history of dapoxetine. In 
the late 70s dapoxetine failed in Lilly’s hands as an 
antidepressant at least in part due to poor pharmacoki- 
netics (short half-life not achieving steady state), an 
attribute that was subsequently claimed to make it near 
ideal for PE —a half-life of 3-4h was considered optimal 
for “on demand” use. However, as discussed in detail 
elsewhere,’ there is a paradox. In essence all selective 
reuptake inhibitors (SRIs) appear to take several weeks 


of continuous steady-state dosing to become fully effec- 
tive. In other words the benefit in PE mirrors the time to 
onset of their clinical antidepressant action and is actu- 
ally dependent on an adaptive post-junctional change 
involving not only 5-HT receptors but other receptor 
types. The requirement for induction of such changes is 
the achievement and maintenance over several weeks 
of steady-state plasma concentrations of the drug. 
A drug with a short half-life like dapoxetine could only 
steady state if taken five or six times a day. Thus, 
assuming dapoxetine is actually consistently effective 
on the first dose this would indicate that there was 
another component to its action; if it merely represents 
an acute inhibition of serotonin reuptake other SSRIs 
would also be expected to be effective on the first dose. 
Perhaps not surprisingly, faced with the relative lack of 
understanding of the precise mechanism of action of 
dapoxetine, the pharmaceutical industry has shown lit- 
tle ability or desire to improve on its clinical profile. 
What would normally happen within industry at this 
point is that programs would be mounted to improve 
on the clinical profile particularly directed toward 
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Figure 7.1 The neurophysiology of ejaculation in the human male. ACh, acetylcholine; Bulbospongiosus muscle; D2, dopamine D2 
receptors; 5-HT, 5-hydroxytryptamine (serotonin) receptors; NA; NO, nitric oxide; OT, oxytocin receptors. 
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increasing the benefit:risk ratio. Indeed, much more 
selective agents have been synthesized and have entered 
late-stage clinical development. Returning, however, to 
dapoxetine. At least in the eyes of the Food and Drug 
Administration (FDA), the regulatory body in the 
United States, there were concerns about the relatively 
narrow therapeutic window and in particular the long- 
term CNS manifestations. There was deemed to be a 
potential risk, given the relatively young age group, of 
suicidal ideation. 

The key question in terms of improving on the clinical 
profile of dapoxetine lies in understanding the precise 
mechanism of action of the drug. Although much ele- 
gant research has been conducted by inter alia Marcel 
Waldinger’ and Francois Guiliano® leading to hypotheses 
round the importance of various changes in pre- and 
post-junctional 5-HT effects, the conclusions are con- 
strained by the lack of a definitive animal model. Animal 
models can only be validated by correlation between 
data from that particular model with a well-defined 
clinical profile. This must include relative rank order of 
potency in both human and animal and evaluation of 
drugs with high pharmacological selectivity or prefer- 
ably site specificity. This has not been the case, and the 
relationship between autonomic and central dysfunction 
in the rat and ejaculatory (and indeed erectile) function/ 
dysfunction is at best equivocal. This does not imply that 
Waldinger’s conclusions, largely based on molecular 
biology and phenotypic and genotypic analysis, are 
incorrect only that they can only be proved with the 
advancement of selective pharmacological agonists and 
antagonists into humans for full clinical profiling. Unless 
gene therapy becomes acceptable in non-life-threat- 
ening conditions, the molecular biologist will never be 
able to prove unequivocally a link between a receptor or 
enzyme and a disease process. Correlation of clinical 
phenomenon and molecular mechanism is best 
achieved by using drugs of known pharmacology. The 
development and subsequent evaluation of subtype 
selective (A, B, and D) alpha-1-adrenoceptor antago- 
nists in BPH would represent the classical pharmaceu- 
tical industry approach. Intriguingly this actually 
demonstrated that most of our original hypothesis that 
the alpha-blocker class acts to alter perurethral tone was 
invalid and the action was more likely to be a vascular 
one on attenuation of bladder ischemia.’ Likewise, the 
development of selective drugs for muscarinic receptor 
subtypes has also increased our understanding of the 


pathophysiology of OAB; ironically, however, it is diffi- 
cult to conclude that there has been much of an 
improvement in clinical performance beyond that 
achieved with the original subtype non-selective drug, 
oxybutynin. It is particularly difficult to unravel the 
pharmacology of a clinical action when the tools 
involved are relatively blunt instruments. Even the 
most neurotransmitter-selective SSRI will activate a 
variety of serotonin receptor types (subtypes). The pri- 
mary action on the reuptake system is manifest by the 
altered synaptic 5-HT interacting with a multiplicity of 
serotonin receptors. The situation is further complicated 
by the knowledge that the initial elevation of synaptic 
5-HT produced not only an acute change at the receptor 
level but also a secondary or adaptive change; at least in 
the case of the use of SSRIs in depression it is this 
adaptive change that is considered more relevant.* 
Although several agonists and antagonists with some 
degree of selectivity for subtypes have been synthesized, 
none has been evaluated in PE. As the development and 
clinical evaluation of these or even more selective 5-HT 
agonists/antagonists® is unlikely to happen in PE, all we 
can really conclude based on clinical evidence is that 
modulation of serotoninergic systems can influence 
ejaculatory latency and provide reasonably effective 
treatment of PE. We cannot conclude with any degree of 
certainty exactly where anatomically serotonin is 
important or which receptor type(s) are involved. Even 
more so than usual given the relative lack of agents that 
have entered clinical development, humans are the ulti- 
mate experimental animals and particularly complex 
ones at that. The situation is exacerbated by the poorly 
characterized polypharmacology of the serotonin reup- 
take inhibitors that have shown clinical benefit. 
Unfortunately there appears to be little incentive for the 
pharmaceutical industry to develop more selective 
SSRIs, and/or serotonin agonists or antagonists, for any 
clinical indication including PE. 


Use of locally active agents 


Prior and indeed subsequent to the approval of dapox- 
etine there was widespread use not only of the selective 
reuptake inhibitors described above but also of locally 
applied agents. These are often described as anesthetic 
gels or desensitizing agent, which can be both accurate 
and inaccurate descriptors. In terms of composition they 
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do invariably contain local anesthetics and not surpris- 
ingly can produce localized penile anesthesia and/or 
desensitization. However, importantly, clinical benefit 
can be achieved in the absence of obtrusive 
desensitization. 

The most widely used preparation is EMLA (eutectic 
mixture of local anesthetics). Although it is effective 
there are limitations insofar as it has to be applied for 
30-40 min before use, a condom must be used to 
avoid transfer to the partner, and there is a high inci- 
dence of penile desensitization. To circumvent these 
deficits a novel drug combination, PSD502, was 
developed and has gained regulatory approval in the 
European Union (EU). 

Prilocaine and lidocaine in base form were chosen as 
the local anesthetic agents for the PSD 502 formulation 
because, when mixed, they exhibit eutectic-like prop- 
erties, which are required for the development of a 
metered dose spray formulation. In addition to these 
unique physico-chemical properties, they possess sim- 
ilar and desirable pharmacological properties.’ 

Pharmacologically, prilocaine and lidocaine have a 
rapid onset of action (5-10 min) and a moderate dura- 
tion of action (30-60 min), which are not altered when 
the agents are combined. These features are considered 
to be optimal for the treatment of PE. Both drugs 
belong to the amide group of local anesthetics, which, 
unlike the ester group, are associated with a negligible 
risk of local hypersensitivity —- an important factor in 
choosing drugs for repeated topical application. Both 
drugs have the same pK, (7.7), meaning they have the 
same absorption characteristics, and they have similar 
potency (lidocaine is 1.27-fold more potent than 
prilocaine). 

Prilocaine and lidocaine are normally crystalline at 
room temperature, with melting points of 37-38°C and 
68-69 °C, respectively. Combination of prilocaine with 
lidocaine results in a lowering of the melting point of 
the mixture in comparison to the melting points of the 
individual components. Development of EMLA cream 
has relied on the eutectic properties of combining prilo- 
caine and lidocaine. It is the exploitation of this eutectic 
property that has enabled the: 

1 development of the formulation of PSD502, which is 
chemically stable for long periods of time; 

2 production at larger scale of PSD502; 

3 utility of PSD502 to be formulated as an aerosol 
treatment. 


Rationale for use of base forms 

of prilocaine and lidocaine 

Various formulations and combinations of prilocaine 
and lidocaine are used as anesthetic therapies but most, 
if not all, use the ionized, lipid-insoluble HCl salt form. 
The salt forms are readily soluble in aqueous solution 
and so are suitable for preparation of injectable systemic 
preparations; but as they are not lipid soluble they do 
not readily penetrate epithelial surfaces and are not 
suitable for topical delivery. In contrast, as base forms 
are not ionised, they are absorbed and as a result, in the 
optimal state to provide clinical benefit to PE patients. 

Two large-scale phase NI clinical trials have been com- 
pleted on PSD502, with over 26,000 exposures.'°!! They 
showed highly significant changes in IELT and all 
domains of the PROs used for both patients and their 
partners. There was no evidence of tachyphylaxis (phar- 
macological tolerance) and indeed benefit increased 
with time, presumably as the relationship improved. It 
has been hypothesized that in these situations the drug 
may not be required on every occasion. There was only 
minimal evidence of partner transfer and/or penile 
desensitization. This led to approval by EMA in 
November 2013. 

The clinical data would tend to support the proposi- 
tion that benefit in PE can be achieved with locally act- 
ing agents 
desensitization. One possible explanation for the overall 


without producing obtrusive penile 
clinical profile is that PE patients may be experiencing 
penile hypersensitivity.!* PSD502 is acting to normalize 
the sensitivity. An analogy is that antihypertensive 
drugs can reduce high blood pressure to normalize but 
do not consistently produce hypotension. The formula- 
tion and actuation pattern of PSD502 was developed 
specifically to optimize clinical performance. Other 
products lack either the rigorous clinical supportive data 
or are actually marketed as “desensitizing agents.” 

The advantage of the PSD502-based approach is that 
there is no assumption about the etiology of PE. In 
clinical trials almost 90% of patients respond, with 
approximately 50% entering the normal range of IELT 
after p.r.n. use over 9 months. This high responder rate 
is likely to be a consequence of an action on a pathway 
that is fundamentally involved in ejaculatory control, 
that is, within the afferent-efferent reflex arc. 

Although comparator trials have not been conducted, 
the equivalent data on dapoxetine show a much lower 
responder rate (defined as the number of patients 
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achieving an increase in IELT of at least 1 minute); this 
would indicate that although serotonin plays a role, it 
may well be only in a subset of patients. 

In terms of an understanding of the pharmacology of 
PE, PSD502 provides only limited insight. The product, 
like all local anesthetics, is acting on sodium channels, 
presumably altering a local afferent-efferent reflex initi- 
ated at the level of the glans penis. Target organ selec- 
tivity has been achieved not by pharmacological 
manipulation but by pharmacokinetic means. There is 
no evidence at the molecular level that there is a specific 
Na channel that could give improved clinical benefit 
beyond that achieved with PSD502. On that basis it 
would be difficult to develop Structure activity relation- 
ship (SAR) leading to clinical improvement with respect 
to either efficacy or the benefit-risk profile. The 
advantage of this type of approach is that there is no real 
assumption of the etiology and as such a fairly wide 
spectrum of PE patients may receive benefit. One could 
speculate that approaches based on pharmacologically 
selective agents, although potentially effective, could 
have their benefit restricted to patient subsets. 


Other potential “broad spectrum” 
approaches 


There is some clinical evidence that tramadol can delay 
ejaculation.” It is likely that a large component of this 
is due to its action on opioid receptors, but little is 
known about the selectivity for individual opioid 
receptor subtypes. Equally the drug’s site of action is 
unknown as drugs of this (opioid) class can have 
central, spinal, and peripheral actions. It is, however, 
well documented that at almost every synapse studied 
opioids inhibit neurotransmitter release; the issues 
are what synapse, which opioid receptor subtype, and 
what neurotransmitter is relevant to the observed 
clinical profile. Potentially if some of these could be 
unraveled this could represent a fertile starting point 
for de novo development of drugs for PE. The SAR 
round opioid receptor types, being developed as novel 
analgesics and drugs for irritable bowel syndrome 
(IBS), OAB, and neuroprotection, is well characterized 
and several prototypes have already been used in 
humans.'* However, a major issue will be the regulatory 
authority’s reaction to chronic administration of an 
opioid for the treatment of PE. 


Overall, therefore, most of the drugs that are used, 
either with regulatory approval or “off label,” have 
achieved clinical utility based on clinical observation 
rather than rational drug design based on detailed 
knowledge of their pharmacology and development of 
an appropriate structure activity relationship (SAR). 
There is no evidence that the pharmaceutical industry is 
interested in basic R&D in PE, and this is likely to remain 
the case until a regulatory route map for approval in the 
United States becomes apparent. The FDA requires 
clinical trial data to be accrued using a validated PRO. 
The agency definition of validated is unrelated to the 
degree of “validation” acceptable for publishing, even in 
the best peer group-reviewed journals. 


Coming next? 


The finding that oxytocin has been implicated in the 
control of male sexual behavior and ejaculation (see 
Figure 7.1) has led to the evaluation of selective oxytocin 
antagonists in non-clinical animal models and clinical 
trials. The original studies in rats led the authors to 
conclude: “Targeting OT receptors with a highly selective 
approach seems a promising approach to treatment of 
premature ejaculation.”!* This conclusion was based on 
subtle changes in a variety of physiological endpoints in 
the rat, considered to be surrogate predictors of clinical 
response. Unfortunately, in a “gold standard” double- 
blind controlled study there was no evidence for the 
same OT antagonist, epelsiban, producing any change in 
IELT or in any of the endpoints of either of the PROs used 
in the study.'° The dissociation between clinical and non- 
clinical findings must raise issues about the relevance of 
animal models of premature ejaculation, or at least the 
interpretation of data generated thereby. 


Summary 


In summary, although many neurotransmitters have 
been implicated in the control of ejaculation and in the 
pathophysiology of PE (Figure 7.1) it is not possible to 
unambiguously define precisely the process requiring 
modulation. It is likely that as the defect is multifactorial 
a polypharmacological approach may be required. That 
said, patient subsets may be responsive to specific phar- 
macological approaches, as exemplified by SRIs or oxy- 
tocin. The alternative is to manage the symptoms rather 
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than attach too much importance to understanding the 


science, as with, for example, PSD502. Effective symp- 


tomatic improvement is achievable but we cannot 


expect a “cure.” 
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CHAPTER 8 


Cardiovascular risk and erectile dysfunction 


Graham Jackson 
Guy's and St Thomas’ Hospitals NHS Trust, London, UK 


Erectile dysfunction (ED) is common and increases 
with increasing age. It is defined as the recurrent or 
consistent inability to maintain or obtain a penile erec- 
tion sufficient for satisfactory sexual intercourse. 
Occasional failures occur usually due to social circum- 
stances, for example, too much alcohol. It is estimated 
that 20-40% of men aged 60-69 and 50-100% of men 
over 70 years of age suffer from ED.' However, it has 
become apparent that though ED is less frequent in 
men in their 40s and 50s it is a marker of significant 
increased risk.* In a study of 1400 men aged 40-75 
years of age with no known coronary artery disease 
and followed up for 10 years, ED at baseline in the age 
group 40-49 years predicted a 50-fold increase in CAD 
events per 1000 patient years compared to men who at 
baseline had no ED (Table 8.1). The risk in the 50-59 
age group was increased five times, and in the 60-69 
age group two-fold, with no increased risk in those 
aged over 70. 

The Second Princeton Consensus on Sexual Dysfunc- 
tion and Cardiac Risk concluded that the recognition 
of ED as a warning sign for cardiovascular disease has 
led to the concept of a man with ED and no cardiac 
symptoms being considered a cardiac (or vascular) 
patient until proven otherwise.* The recognition that 
ED predicts both all-cause mortality and significant car- 
diovascular events reinforces this approach.* 


Erectile dysfunction and 
cardiovascular disease: 
examining the link 


Endothelial 
denominator for both ED and vascular disease 


dysfunction represents a common 


(ED=ED). In several studies Vlachopoulos and 
colleagues have shown that ED is associated with 
increased inflammatory and endothelial prothrom- 
botic activation in men with and without coronary 
(CAD), with ED 
incremental unfavorable impact on the circulating 


artery disease conferring an 
levels of these markers when combined with CAD.*” 
They believe that low-grade systemic inflammation 
could be an important element of the association bet- 
ween ED and CAD. In turn, they believe that 
measuring inflammatory activation may improve the 
diagnostic approach to patients with suspected ED, 
particularly with regard to establishing those at higher 
risk of CAD. 

As we understand it, the endothelium is a major 
regulator for vascular homeostasis, producing several 
signaling molecules, most notably nitric oxide, which 
promotes vasodilation, inhibits platelet aggregation/ 
adhesion, and exerts antifibrotic effects.° Endothelial 
dysfunction is characterized by an increased perme- 
ability to plasma constituents including low-density 
lipoproteins and impaired nitric oxide synthesis/ 
degradation. Such events lead to vasoconstriction, 
platelet aggregation, and white blood cell adhesion. 
Consequently, endothelial dysfunction is considered to 
be an early marker of vascular disease, contributing to 
the development of atherosclerotic lesions and later 
clinical complications.’ 

Given that the endothelium is the same throughout 
the arterial tree, it follows that if there is a problem at 
one part of the circulation (ED) there could be a problem 
elsewhere, which need not be symptomatic (e.g., 
“silent” CAD or carotid disease). The artery size hypo- 
thesis seeks to explain the differing presentations of the 
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Table 8.1 Erectile dysfunction (ED) predicts coronary 
events.” The younger the age group, the greater 

the cardiovascular risk from ED. In men in their 40s who 
have ED at baseline, cardiovascular risk over a 10-year 
follow-up is 50-fold greater than men who have normal 


erections. 


Age group 

1400 men with 
no known CAD: 
10-year follow-up 


ED at baseline 
CAD events per 
1000 patient years 
with Cl intervals 


No baseline ED 
CAD events per 
1000 patient years 
with Cl intervals 


40-49 48.52 (1.23-269.26) 0.94 (0.02-5.21) 
50-59 27.15 (7.40-69.56) 5.09 (3.38-7.38) 
60-69 23.97 (11.49-44.10) 10.72 (7.62-14.66) 
70+ 29.63 (19.37-43.75) 23.30 (17.18-30.89) 


CAD, coronary artery disease; CI, confidence interval. 


Table 8.2 Artery size and atherothrombosis. A significant 
restriction to flow in the penile arteries may be subclinical 
in larger vessels. 


Artery Diameter (mm) Clinical event 

Penile 1-2 ED 

Coronary 3-4 Ischemic heart disease 
Carotid 5-7 TIA/stroke 

Femoral 6-8 Claudication 


TIA, transient ischemic attack. 


same pathology and why ED could be a marker for 
silent disease elsewhere.’ 

Artery size varies according to location within the 
vascular system (Table 8.2). For example, the lumen of 
the penile arteries is considerably smaller (1-2 mm) 
compared with that of the coronary (3—4mm), carotid 
(5-6mm), and femoral (6-8 mm) arteries. Because of 
their smaller size and greater surface area the same 
level of plaque burden and/or endothelial dysfunction 
has a greater effect on blood flow through the penile 
arteries than through the coronary, carotid, and 
femoral arteries. Therefore the clinical manifestations 
of penile endothelial dysfunction may become evident 


before the consequences of coronary or peripheral 
vascular disease. By the time the lumina of the larger 
arteries become significantly obstructed (>50%) the 
penile blood flow may have already decreased consid- 
erably, which explains why so many men with CAD 
have ED. 

Thus on the basis of the artery size hypothesis a 
malfunction in the penile arteries causing ED may be 
a predictor of silent subclinical cardiovascular disease. 
In addition, because an acute coronary syndrome 
often arises as a result of the rupture of a subclinical 
plaque, the presence of ED may also be an early 
warning sign of an acute coronary event including 
mortality.'° 

In support of this concept a series of 300 patients 
with acute chest pain and angiographically proven 
CAD were evaluated with a semi-structured interview 
to assess their medical and sexual histories prior to 
presentation.'! The prevalence of ED among these 
patients was 49% (n=147). In these 147 men with 
both ED and CAD, ED was experienced before CAD 
symptoms in 99 patients (67%). The mean time 
interval between the occurrence of ED and the occur- 
rence of CAD was 38.8 months (range 1-168 months). 
Interestingly, all men with ED and type 1 diabetes 
developed sexual dysfunction before the onset of CAD 
symptoms. 

ED is more frequent in diabetic patients with silent 
CAD than in those without. In a study of men with 
type 2 diabetes (n=260) the incidence of ED (IEF 
questionnaire) was significantly higher in the 
population with asymptomatic CAD than in the 
population without CAD (33.8% vs 4.7%; p<0001).” 
ED not only predicted CAD independently of other risk 
factors, but also was the strongest predictor of silent 
CAD in this study. 

The large Prostate Cancer Prevention Trial provided 
the first evidence of a strong association between ED 
and the subsequent development of clinical cardiovas- 
cular events. ED at entry or that developed during 
follow-up was found to predict significantly any cardiac 
event with a hazard ratio of 1.45 (p<0.001; 95% 
confidence interval (CI): 1.25-1.69). The data also 
showed that the cardiovascular risk associated with 
incident ED (that is developed during follow-up) was 
at least as great as the risk associated with a family 
history of myocardial infarction, current smoking, or 
hypercholesterolemia. 
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Box 8.1 Case history. 


A 59-year-old gentleman married with three children and two 
grandchildren presented with erectile dysfunction on a 
background of treated hypertension for the previous three 
years. He was completely asymptomatic for coronary artery 
disease, enjoying his golf, playing it regularly, and suffering no 
restrictive symptoms such as chest pain or breathlessness. He 
was on no cardioactive medication other than his hypertensive 
medication and his resting ECG was normal with a completely 
normal examination. He had a responsible position as a 
director of several companies. Given his important position, he 
attended a medical screening session routinely. He was not 
significantly overweight, and was a lifelong non-smoker; the 
only cardiovascular risk factor that he had was ED, and his 
cholesterol on simvastatin 10mg daily was 2.5 mmol/L with 
the LDL 0.78. As part of his executive screen he had a 
treadmill exercise ECG which demonstrated a good ability at 
12 minutes of exercise but there were some inferior ST 
changes, which were suspicious for ischemia. A coronary CT 
angiogram was therefore arranged, which was surprisingly 
abnormal. There was extensive confluent calcification with a 
score of 1505, and invasive angiography was advocated to 
clarify the diagnosis. 

This revealed a 50% lesion in the left anterior descending 
coronary artery, and a lesion of approximately 95% stenosis in 
the right coronary artery (Figure 8.1). A coronary angioplasty 
and stent to the right coronary artery was successful 
(Figure 8.2). 

At follow-up he has returned to a normal full and active life 
with blood pressure 133/60 mmHg, normal blood glucose, LDL 
cholesterol 0.78 mmol/L, and he remains completely 
symptom-free. He continues to use tadalafil to good effect for 
his erectile dysfunction. 


Comment 


This case exemplifies the difficulty of proceeding in the best 
interest of the patient. These patients do not figure in any 
of the comparative studies so there are no guidelines to the 
value of the intervention. However, we do know that 
erectile dysfunction predicts mortality (presumably due to 
acute plaque rupture) so currently it is reasonable to 
intervene to stabilize the plaque in the hope that mortality 
and acute cardiac events can be reduced."* The patient has 
this fully explained to them. 


Figure 8.1 Angiogram identifies critical right coronary artery 
stenosis. 


Figure 8.2 Successful stent insertion into right coronary 
artery as shown in Figure 8.1. 


The temporal relationship 


Several studies suggest that there is a strong temporal 
relationship between ED and CAD, with ED pre- 
ceding a cardiovascular event by at least 2-5 years.'? 
This temporal relationship was investigated in a 
questionnaire-based study that included 207 patients 
with CVD attending cardiovascular rehabilitation 
programs and 165 age-matched controls from general 


practice in the UK. Patients completed up to four 
questionnaires including the IIEF. Of the individuals 
with CVD, 56% were experiencing symptoms of 
ED at the time of the study and had done so for 
a mean of 5+5.3 years. In contrast, 37% of individ- 
uals in the control group had ED symptoms for a 
mean of 6.6 + 6.8 years. This interesting finding in the 
controls reflects the importance of asking about ED 
routinely. 
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In the AssoCiation Between eRectile dysfunction and 
coronary Artery disease (COBRA) trial, 93% of patients 
with a chronic coronary syndrome reported ED symp- 
toms before the onset of angina pectoris, with a mean 
interval of 24 (range 12-36) months.'® This finding 
further reinforces the concept of a lead time of at least 
2-5 years between the development of ED and symp- 
tomatic CAD. The time intervals (range) for patients 
with one-, two-, and three-vessel disease were 12 (9.5— 
24), 24 (16.5-36), and 33 (21-47) months, respectively. 
There was a significant relationship between the length 
of time from ED to CAD onset and the number of vessels 
involved (p=0.016). Importantly, given that men with 
ED may be at cardiovascular risk, this long lead time 
provides an early opportunity for cardiovascular risk 
reduction.'” 


Prediction of CVD events 
and mortality 


The correlation between ED and CVD was first dis- 
cussed in 1999.'§ Subsequently the question of ED pre- 
dicting silent obstructive coronary artery disease was 
the result of case presentations in 2001.'° In this report 
patient 1 had developed ED 2 months before an acute 
anterior infarction; and patient 2, investigated largely 
due to his ED, angiographically had coronary artery 
disease documented. These findings were reinforced 
by a paper later that year concerning erectile 
dysfunction being a marker for cardiovascular dis- 
ease.” It became apparent that erectile dysfunction 
offered us a window of opportunity for preventing 
vascular disease.?! 

Two recent meta-analyses have greatly helped our 
assessment of the link between ED and the prediction of 
CVD and mortality.'!° Prior to these analyses studies 
had evaluated the effect of age on the ED link to 
increased cardiovascular risk, identifying the impor- 
tance of ED as an especially powerful predictor of CVD 
events in young and middle-aged men (ages 30-60 
years) where CVD preventive resources should be 
maximized. 

A study of 1400 men aged 40-75 years with no 
known CAD were prospectively followed for 10 years.* 
As can be seen from Table 8.1 men in their 40s with ED 
have a 50-fold increase in CAD events per 1000 patient 
years compared with men with normal erectile 


function, whereas there is a five-fold increase for men 
in their 50s (is there a more powerful risk factor?). In 
a retrospective study from Western Australia over 
10-15 years, men in their 20s and 30s were more than 
seven times more likely to have a CVD event if they 
had ED,” and Riedner and colleagues found in a coro- 
nary angiographic study that CAD was 2.3 times higher 
in men under 60 years of age with ED.” In all three 
studies the ED/CAD link became less marked with age 
over 70 years. 

Dong et al. performed a meta-analysis from 12 pro- 
spective studies involving 36,744 men.” In Table 8.3 the 
relative risks for men with ED are seen to be signifi- 
cantly increased for CVD, CAD, stroke, and all-cause 
mortality. Importantly, the ED risk was independent of 
conventional risk factors, and the mortality increase fits 
in with the rupture of a vulnerable plaque, as previously 
discussed. 

Vlachopoulos and colleagues (Table 8.3) included 14 
studies involving 92,757 men, with similar findings to 
the Dong meta-analysis.'° However, of especial impor- 
tance is that they found the relative risk to be higher in 
younger men and intermediate risk groups (5-20% 10- 
year conventional risk). 

Both meta-analyses confirmed that the presence of 
ED increases the risk for future CVD events, myocardial 
infarction (MI), stroke, and all-cause mortality. ED 
should therefore be incorporated into routine clinical 
practice as a diagnosis needing treatment as well as a 
diagnosis that could trigger an aggressive CVD risk 
reduction strategy.* 

In a review of the literature looking specifically at 
the association between ED and CAD the relationship 


Table 8.3 Relative risk of increased events and mortality: 
erectile dysfunction (ED vs no ED). 


Meta-analysis 16 Meta-analysis 27 


(n=92,757) (n=36,744) 
Pooled endpoints 1.44* 1.48* 
Cardiovascular disease 1.19 n/a 
mortality 
Myocardial infarction 1:62* 1.46* 
Stroke 1.39* 1:35% 
All-cause mortality 1.25* 1.19 


*All significant except cardiovascular disease mortality. 
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of ED to systemic endothelial dysfunction is empha- 
sized, but from a clinical standpoint though ED may 
precede CVD it can be used as an earlier marker to 
identify men at high risk of CVD events including 
mortality.” The review concludes that ED patients at 
high risk of cardiovascular disease should undergo a 
detailed cardiological assessment and receive intensive 
treatment of risk factors. 

In addition, the Princeton III Consensus recommen- 
dations for the management of ED and cardiovascular 
disease have emphasized that, given the link between 
ED and CVD (which may be asymptomatic), patients 
could benefit from cardiovascular risk reduction.” 
Finally, Martin Miner and colleagues have concluded 
that all men with vasculogenic erectile dysfunction 
require a cardiovascular work-up.” The body of evi- 
dence, therefore, supports cardiovascular risk reduction 
and risk factor management in all men with vasculo- 
genic ED. 

In a prospective study I addressed the fundamental 
question in men with ED and no cardiac symptoms as 
to whether there is CVD, especially asymptomatic 
CAD, and how to detect it.” Exercise electrocardiog- 
raphy depends on identifying flow-limiting lesions of 
at least 50-70% stenosis, as does stress echocardiog- 
raphy or myocardial perfusion scanning. As most men 
with ED have subclinical cardiac disease it is not sur- 
prising that stress testing failed to identify their 
problem, with the potential for false reassurance. This 
is important given that ED predicts acute coronary 
syndromes and all-cause mortality, which in 50-60% 
of cases are not associated with any preceding 
cardiac symptoms. ED becomes the missing marker 
of increased risk especially in younger men at 
intermediate risk (5-20% 10-year risk) and is simple 
to enquire about.”” 

In this study outpatient multidetector computed 
tomography (MDCT) demonstrated asymptomatic CAD 
in 60 of 65 men, with non-calcified plaques in seven 
men. This fits with the pathophysiological concept of 
plaque rupture explaining the acute events and 
mortality, and establishes ED as a cardiovascular 
equivalent, with a man with ED and no cardiac symp- 
toms being considered a CVD patient until proven 
otherwise. 

Of concern is the failure of exercise electrocardiog- 
raphy in detecting the significantly severe cases that 


lead to stent insertion or coronary bypass surgery. It 
can be argued that in the absence of ischemic symp- 
toms or inducible ischemia a conservative risk 
reduction approach was indicated. The problem is that 
these ED patients fall outside previously studied 
groups and action is taken based on the known event 
and mortality increase over time. A randomized trial 
of conservative versus anatomically appropriate inter- 
ventional treatment with a baseline MDCT and 
exercise electrocardiograph is now clinically indicated, 
especially as this is an increasingly prevalent condition 
(see Box 8.1). 

Depending on location not every man with ED will 
have access to MDCT. A reasonable approach is to use 
calcium screening (1-2 mSU X-rays compared with CXR 
0.02) in those most at risk, especially men aged 30-60 
years, but preferably MDCT (5-20 mSU) to detect soft 
and/or non-calcified plaque. Alternatively, a policy of 
aggressive risk reduction in all identified men with ED 
(ask routinely) and elective investigation when clini- 
cally appropriate could be pursued, but this demands 
detailed and regular follow-up. An ideal algorithm is 
provided in Figure 8.3. 


Methods of evaluating the risk 


The exercise electrocardiogram has been shown to be 
unsatisfactory in identifying silent coronary artery dis- 
ease because the lesions are frequently less than 50% 
stenosis.’ MDCT may be able to address this short- 
coming and be used in patients with a normal exercise 
test to identify early subclinical plaque disease, which is 
vulnerable to rupture and may lead to increased 
mortality and increased cardiac events in asymptomatic 
men with ED. 

The assessment of vascular risk in men with ED and 
the role of the cardiologist and general physician has 
recently been reviewed.*' Again, the emphasis on the 
link is documented and the risks in the various age 
groups identified (Table 8.1). Furthermore, in my 
recent study looking at ED and asymptomatic CAD 
detected by computed tomography coronary angiog- 
raphy, the MDCT was substantially superior to exercise 
testing and reinforces the fact that subclinical disease 
may not present symptomatically or by exercise 
electrocardiography. 
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Figure 8.3 Algorithm for assessing cardiovascular disease (CVD) following a diagnosis of erectile dysfunction. Cardiac Computed 


Tomography Angiograph (CCTA). 


Whilst it is certainly true that biomarkers have an 
important role to play, with the advent of MDCT, a 
relatively non-invasive outpatient approach to the 
anatomy of the coronary arteries, I believe the way for- 
ward is that all men with erectile dysfunction should 
undergo this outpatient procedure. 


Conclusion 


Erectile dysfunction should be considered a vascular 
disease until proven otherwise. Because data show that 
the occurrence of ED symptoms often precedes a cardio- 
vascular event by 2-5 years, it provides a unique 
window of opportunity for risk mitigation. Thorough 
risk assessment of men presenting with ED and no 
cardiac symptoms is imperative. Traditional risk factors 
such as smoking, hypertension, and hypercholesterol- 
emia should always be assessed. Furthermore, a 
question on ED should be included in all cardiovascular 
risk assessments and be incorporated into risk assessment 
guidelines. A cardiologist or other clinician with rele- 
vant expertise plays a particularly important role in 
evaluating the CVD risk in men with ED who may have 
subclinical CVD. Increased recognition of the potential 
for CVD in men with ED, followed by appropriate 
preventive action, can improve and may save lives. 


A final thought... 


However, these powerful theoretical and clinically relevant 
arguments and practical comments become irrelevant if 
we do not talk about sex.” The cardiologist’s role and the 
general physician’s role is to open up the discussion, proac- 
tively raising the question as part of a common sense 
approach to coronary artery disease and quality of life. 
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erectile dysfunction 
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Introduction 


Several studies have shown, that despite the advent of 
effective therapies, the average man suffers from erectile 
dysfunction (ED) for an average of 2 years before seek- 
ing help,’ usually at the insistence of a partner. Most 
often we are attempting to save a second relationship, as 
ED has often caused the failure of the major relationship 
in that man’s life. Few studies have fully evaluated the 
true social and economic impact of ED. The reasons for 
late presentation have been investigated,? and common 
problems are embarrassment, the feeling that it will “go 
away,” and the failure to appreciate the association of 
ED with important medical conditions. 

In recent years, the evaluation of patients has com- 
menced in chronic disease assessments, particularly in 
diabetes, where the nurse is ideally placed to ask the 
question as part of a structured management protocol. 
In the UK there is current NICE (National Institute for 
Health and Care Excellence) guidance for primary care 
physicians to ask about ED and offer appropriate lifestyle 
advice.* The evaluation of the patient with ED should 
ideally commence before the patient would normally 
raise the issue. 


Using the right language 

A suggested comment to start the process is: “Many 
patients with your medical condition [e.g., diabetes, 
hypertension, etc.] have problems with erections. 
Could it be that you have difficulty?” Even if this results 
in initial denial, permission has been given, the first 
step of the PLISSET model, taught by psychosexual 
therapists.! 


It is vitally important that we use the appropriate 
terms for individual patients. Patients often confuse the 
term “libido” with erection problems. It is important to 
talk about “loss of interest in sex” and “absence of sexual 
thoughts” and be aware that men might avoid sex 
because of fear of failure rather than suffering from a 
true lack of desire. We need to ask precisely what 
happens with each erection and whether it is loss of 
erection or early ejaculation, or indeed both, that termi- 
nates sexual activity. We need to ask questions such as 
“what would you like to achieve from your therapy?” 
and “what does your partner think of your problem?” It 
is a fault of many health commissioning systems that 
the man alone is referred as he is a “unit of health care,” 
often attending without the partner. In many ways the 
primary care physician is ideally placed as usually he or 
she will be responsible for the care of the entire family. 

We need to avoid terms such as “psychogenic” and 
“organic” as over 80% of men will have features of 
both.' Analogies can be helpful if they are relevant, and 
appropriate humor can aid communication in certain 
circumstances. 


Sexual history 


A detailed description of the problem, including the 
duration of symptoms and original precipitants, should 
be obtained.' Other factors that should be identified and 
recorded are: 

e Original precipitating factor or factors (if identified). 
e Predisposing factors (if identified). 

e Maintaining factors (if identified). 

e Any subsequent investigations. 
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e Treatment interventions along with the response 
achieved. 

e An expression of tumescence and rigidity with quality 
of morning awakening erections, and spontaneous, 
masturbatory, or partner-related activity erections. 

e Sexual desire, ejaculatory and orgasmic dysfunction. 

e Previous erectile capacity. 

e Issues around any sexual aversion or sexual pain. 

e Partner issues, e.g., physical illness or disability, men- 
opause, or vaginal pain. 

Concurrent medical, psychiatric, and surgical history 
should also be recorded, as should the current relation- 
ship status (single, married, in a long-term relationship, 
etc.) and a history of previous sexual partners and 
relationships. Issues of sexual orientation and gender 
identity should also be noted. Finally, the patient should 
be asked about alcohol, smoking, and illicit drug misuse. 


The physical examination 


All men with ED should have a full cardiovascular 
risk assessment, including BP and pulse, even if there 
seems to be an obvious cause.' A genital examination is 
recommended, and this is essential if there is a history 
of rapid onset of pain, deviation of the penis during 
tumescence, the symptoms of hypogonadism, or other 
urological symptoms (past or present). A digital rectal 
examination (DRE) of the prostate is not mandatory in 
ED but should be conducted in the presence of genito- 
urinary or protracted secondary ejaculatory symptoms.’ 
Blood pressure, heart rate, waist circumference, and 
weight should be measured. 


Questionnaires 


The use of validated questionnaires, particularly the 
International Index of Erectile Function (IEF) or the 
validated shorter version of the Sexual Health Inventory 
for Men (SHIM), may be helpful to assess sexual 
function domains as well as the impact of treatments 
and interventions.* The Ageing Male Symptom (AMS) 
score is useful to detect the symptoms of possible hypo- 
gonadism,’ and the Hospital Anxiety and Depression 
Scale (HADS) can detect underlying depression,® which 
is frequently underdiagnosed in men. The International 
Prostate Symptom Score (IPSS) can be helpful to detect 
associated lower urinary tract symptoms (LUTS)/benign 


prostatic hyperplasia (BPH),’ which might be important 
in management. It can be very useful for the patient to 
complete these scores in the waiting room prior to con- 
sultation. These scores can help in the writing of a 
detailed report and assessing change on follow-up con- 
sultations but they are not a replacement for a thorough 
history and medical examination. 


Current guidelines 


Although 16 years after the first license of phosphodies- 
terase type 5 inhibitors (PDE5Is), there is still no NICE 
guidance on ED; current NICE guidance on type 2 
diabetes and the 2013 Quality Outcome Framework 
(QOF) recommend that all men should be asked annu- 
ally about ED, assessed, and offered oral treatment with 
the lowest acquisition cost.’ 

Since the initial publication of the British Society for 
Sexual Medicine (BSSM) guidelines in 2008 and the 
European Association of Urology (EAU) guidelines 
in 2007,' several reviews have been made in the light 
of recent research and expert opinion. These changes 
relate predominantly to the recognition of the 
important predictive value of ED for underling 
coronary heart disease (CHD) and the importance of 
diagnosing and treating associated hypogonadism.*® 
Recent guidelines from cardiologists have focused on 
the importance of risk factor medication in the 
management of ED.’ 

The risk factors for ED (sedentary lifestyle, obesity, 
smoking, hypercholesterolemia and the metabolic syn- 
drome, type 2 diabetes, and hypogonadism) are very 
similar to the risk factors for cardiovascular disease'*® 
that are regularly managed in primary care. A recent 
publication from the European Male Ageing Study 
(EMAS) suggested that the presence of ED and a morn- 
ing total testosterone (TT) of less than 8nmol/L increased 
cardiovascular and all-cause mortality five-fold.’ 

Several recent expert review papers have confirmed 
that ED is an important marker for cardiovascular risk 
and that the detection and modification of risk factors,' 
especially in younger men,’ is at least as important as 
treating the underlying condition. The recent Princeton 
Ill guidelines? suggest that questioning about ED is 
an essential component of all male medical health 
assessments. These guidelines also clarify the assessment 
of fitness for sexual activity (Figure 9.1), which is 
important for all patients, not just those on oral therapy. 
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Figure 9.1 Management of erectile dysfunction (ED) in all men with ED, especially those with 
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ÞSexual activity is equivalent to 4 minutes of the Bruce treadmill protocol. 


Table 9.1 Relative risks for men with erectile dysfunction. 


Relative risk 95% Confidence p Value 
interval 

Overall 1.48 1.25-1.74 <0.001 
Coronary heart 1.46 1.31-1.63 <0.001 
disease 
Stroke 1.35 1.19-1.54 <0.001 
All-cause 1.19 1.05-1.34 0.005 
mortality 


In addition to the risk factors for ED, ED itself is a 
cardiovascular risk factor conferring a risk equivalent to 
a current moderate level of smoking. ED confers a 1.46 
increased risk (Table 9.1) for cardiovascular disease,’ 
especially in younger men under 40, where the magni- 
tude of risk may be up to 50-fold.’° 


Laboratory investigations in 
the man presenting with ED: 
the key role of the GP 


These should involve: 
1 Serum lipid profile as high total cholesterol and low 
HDL independently predict ED. 


2 Fasting glucose and HbAlc or the International 
Federation of Clinical Chemistry (IFCC) protocol as 
the early accurate diagnosis of diabetes has important 
management and prescribing implications. 

3 Morning (before 11am) serum total testosterone (TT) 
and ideally sex hormone-binding globulin (SHBG) 
and calculated free testosterone (FT). 

Current opinion is that men with a mean TT of less 
than 8nmol/L on two occasions (or FT <180 pmol/L) 
and with bothersome symptoms, are candidates for 
testosterone replacement therapy (TRT), and that men 
with levels of 8-12nmol/L (FT 180-225 pmol/L) 
should be considered, especially if they have not 
responded to oral therapy. At the time of the second 
blood test luteinizing hormone (LH) and prolactin 
(mandatory if TT <5.2nmol/L) should be checked to 
distinguish between primary and secondary hypogo- 
nadism and to rule out the rare possibility of a pituitary 
adenoma." 

BSSM guidelines 
prostate specific antigen (PSA) unless clinically indi- 


do not recommend routine 
cated or if testosterone therapy is contemplated. 
Informed consent is required to ensure the patient 
understands the implications and possible follow-up 


of any abnormal result. 
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Specialist investigations 


With the advent of oral therapy, specialist investigations 
are less often required, on the basis that the findings will 
not influence the management.’ Under some medical 
systems, there may be an expectation that investigations 
will be conducted for “thoroughness.” There is a small 
group of patients who insist that a cause for their ED is 
scientifically confirmed and physicians need to be aware 
of this (Table 9.2). 


Nocturnal penile tumescence and 

rigidity (NPTR) 

Nocturnal and early awakening erections are a normal 
physiological event in all men and are associated with 
the REM pattern of sleep. This test measures a natural 
event, free from the confines of needles and a radiology 
department, which may cause patient anxiety and a 
subsequent artificial result. The major use is in medico- 
legal cases to establish if a functional erection is possible. 
The disadvantage is that it often requires hospital 
admission. 


Intracavernous injection (ICI) test 

This outpatient test involves the injection of prosta- 
glandin E, into the corpora cavernosa of the penis and 
to assess penile rigidity after 10 minutes. Its use as a 
diagnostic test for ED is limited as a positive result can 
be found in both normal patients and those with mild 
vascular disease. The main use of this test is in the 
assessment of penile deformities. Before the advent of 
oral therapy, the ICI was routinely conducted and 
caution was required with dose selection due to the 


risk of priapism. Nowadays the ICI is conducted only 
after failure of oral therapy, pre-selecting a group 
with likelihood of more severe vascular disease. In 
diabetic patients, where the pathology of the ED is 
multifactorial, ICI might help to differentiate between 
predominantly neurogenic and vascular disease, 
which can save many months of trying multiple med- 
ications. Another advantage of diagnostic ICI is that, 
in patients with a negative outlook, it can demon- 
strate that there is a therapy that has efficacy, pro- 
moting a positive outlook. Patients need to be warned 
of the possible risk of priapism with a plan for inter- 
vention if necessary but most clinics do not insist on 
formal written consent. 


Colour duplex ultrasound (CDU) 

of penile arteries 

This radiological investigation measures blood flow and 
gives an excellent assessment of the penile vasculature 
in response to an injection of a vasoactive agent.Major 
indications are penile plaques, fibrosis, deformity, or 
curvature where surgery might be complicated. Younger 
men with vascular trauma or severe ED where the 
etiology is unclear are candidates for CDU. There is usu- 
ally little value in men over 55 because of the mixed 
pathology involved in the ED. Some patients insist on 
investigation to establish a firm diagnosis, and in some 
countries CDU is performed as part of a general workup 
of the man with ED, with little consideration as to 
how the findings might influence management. 
Intracavernosal injection is required with risk of 
prolonged erection if too high a dose is chosen 
(see above). Sometimes excessive anxiety can reduce 


Table 9.2 Further investigations to evaluate the man with erectile dysfunction (ED). 


Investigation Rationale 


Indication 


Intracavernous injection test 
Color Doppler ultrasound 


Assesses vascular integrity 
Phalloarteriography 


Cavernosometry/cavernosography 


Nocturnal penile tumescence 


To clarify vascular abnormality 


Assesses venous occlusive mechanism 


Assesses nocturnal erections when smooth muscle 
relaxed. Reduces false positive investigation rate 


Assessment of penile deformities 

Young patients being considered for surgical 
intervention 

Arterial abnormality found on Doppler 
ultrasound 

When primary venous leakage suspected in 
young man 

When other investigations inconclusive or prior 
to surgery 
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the response and compromise the validity of the 
test. Measurements are taken at the proximal third of 
the penile shaft at time 0, 2, 5, 10, 15, 20, and 25 
minutes. A peak systolic velocity of over 35cm/s is 
regarded as normal, and less than 25cm/s suggests 
severe vascular disease. With increasing intracaver- 
nosal pressure, there should be diminishing flow in 
diastolic. This indicates an appropriate venous response. 
Assuming that adequate arterial flow is obtained then 
persistent significant end-diastolic flow is typical when 
there is venous leakage. Sustained end-diastolic flow 
(EDF) greater than 5-7 cm/s is regarded as evidence of 
venous incompetence. 


Arteriography 

These are highly specialized investigations that are only 
performed in specific circumstances. Arteriography 
should only be performed when an arterial lesion has 
been found on duplex Doppler evaluation. After cathe- 
terization of a femoral artery and intracavernosal injec- 
tion, the internal iliac arteries and branches can be 
assessed. The major indication is younger men with life- 
long ED where a possible arteriovenous (AV) malforma- 
tion is detected on CDU. In some cases embolization 
may be possible under X-ray control. Recently, a few 
interventional cardiologists have reported cases with 
isolated vascular lesions that may be amenable to stent- 
ing and localized vascular procedures. 


Dynamic infusion cavernosometry 

or cavernosography 

Cavernosometry is an uncomfortable investigation 
occasionally used to diagnose primary venous pathology 
in young men suggested by prior CDU. The procedure 
involves the insertion of a large-gauge butterfly needle 
into the corpora followed by a vasoactive injection and 
subsequently contrast media. The site and size of venous 
abnormalities can be determined prior to planned 
venous surgery. Unfortunately the high recurrence rates 
associated with venous leak surgery means that this 
procedure is now used less frequently. 


Radionuclide scanning 

Various agents have been used in an attempt to obtain 
absolute flow rates but at considerable expense. Current 
opinion is that such scans add little to standard and less 
expensive procedures. 


Neurophysiological testing 

Occasionally patients vehemently complain of persistent 
numbness often in spite of adequate erection obtained 
with therapy. These patients need to be assessed for 
causes of a generalized neuropathy as well as focused 
pelvic assessment. 


Penile abnormalities 


Surgical problems that cause erectile dysfunction, for 
example, phimosis, tight frenulum, and penile curva- 
tures, should be diagnosed clinically and are usually 
treated surgically. These patients should also have a full 
assessment as other risk factors need to be addressed to 
facilitate the resolution of ED. 

Many of these men are diagnosed and treated by 
physicians who have limited background knowledge 
and clinical experience of ED. This can be a problem 
because the proper assessment of men presenting with 
ED can:! 

e Uncover diabetes — as ED may be the first symptom in 
up to 20%. 
Detect dyslipidemia, which might not otherwise 


dictate treatment according to primary coronary pre- 
vention guidelines but may be the major reversible 
component in the patient’s ED. 

e Reveal the presence of hypogonadism, a reversible 
cause of ED, which can sometimes be managed 
without the need for specific ED therapy and 
which has other long-term health implications 
(Figure 9.2). 

e Identify occult cardiac disease; ED in an otherwise 
asymptomatic man may be a marker for underlying 
coronary artery disease. 


Identify partner and relationship issues that may 
need to be addressed in addition to medical 
management. 

Despite the likely presence of such underlying condi- 
tions, many men with ED may undergo little or no eval- 
uation before treatment, particularly if they seek help 
from sources such as the internet.'* Men do not readily 
visit their GP with medical problems, and a consultation 
for ED may represent a vital opportunity for health 
intervention. Currently GPs receive extra remuneration 
for female-related health issues; ED would be an ideal 
topic for enhanced payment." 
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Male with ED. First 
time presentation 


Male with ED. 
Failure of PDESi. 
No previous T 


testing 
¥v 
Screen all ED Screen all ED 
patients for T patients for T 
T normal T low | T low T normal 
v 
ED therapies 
(e.g., PDESi) 
y y 
Unsatisfactory Satisfactory Unsatisfactory 
response response response 


Unsatisfactory 
response 


Satisfactory 
response 


Figure 9.2 Algorithm for androgen therapy in a man presenting with erectile dysfunction (ED). PDE5I, phosphodiesterase type 5 


inhibitor; T, testosterone. 


Patient/partner education - 
consultation and referrals 


The primary reason for referral to the clinician should be 
elicited. In particular, it is useful to know if the referral 
was initiated by the patient, the partner, both, or another 
healthcare professional. The motivating factors and 
expectations should be clarified as well as the intention, 
or otherwise, of the partner to accept any specific phar- 
macological, physical, or psychological therapies. An 
understanding by the patient and partner of basic 
anatomy and physiology and the purpose of blood and 
specialist investigations is helpful. An explanation of the 
principles of the treatment options is valuable. Provision 
of information, initially by a leaflet and followed up by 
some other source of information (such as videos or 
internet pages) is valuable reinforcement for patients. 


Indications for secondary referral 


Most patients do not need referral for further investiga- 
tions’ unless specifically indicated. However, some 
patients wish to know the etiology of their ED and 


should be investigated appropriately. Other indications 

for specialist investigations include: 

e Young patients (under 40 years old) especially those 
who have always had difficulty in obtaining and/or 
sustaining an erection. 

e Patients with a history of trauma, including possible 
cycling-related ED. 

e Where an abnormality of the testes or penis is found 
on examination. 

e Patients unresponsive to medical therapies that may 
desire surgical treatment for ED. 

Specialist laboratory investigation is rarely required 
unless surgical intervention is contemplated. 


Problems associated with 
prescribed drugs 


Around 65% of men with hypertension will suffer from 
ED, and those on thiazide diuretics or beta-blockers are 
at increased risk.' ACE inhibitors (ACEIs) and calcium 
channel blockers are probably neutral but there is now 
considerable evidence that angiotensin receptor blockers 
(ARBs) can significantly improve erections.'!*> Studies 
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have shown positive effects with valsartan, losartan, 
and irbesartan, and there are no longer cost implications 
in prescribing ARBs in preference to ACEIs. If men are 
routinely asked about ED and problems are detected 
early, change to an ARB may resolve the issue. In 
cases with established atherosclerotic disease, switching 
therapy is unlikely to be beneficial.’ Recent evidence 
suggests that statins,'* when prescribed early improve 
erections, but in complex patients with established 
CHD, they may have adverse effects on erectile function, 
predominantly through effects on androgen levels. 

Selective serotonin reuptake inhibitor (SSRI) antide- 
pressants cause ED, and desire and ejaculatory disorders, 
and many prescriptions can be reduced or stopped if the 
ED is treated.’ Patients often complain that their ED 
treatment might not be working when, in effect, the 
problem might be related to a recent SSRI prescription. 
Psychotropic medications may cause _ hyperprolac- 
tinemia and low testosterone with reduced response to 
ED therapies. It can sometimes be difficult to negotiate 
with colleagues in psychiatry, who often do not under- 
stand the impact of sexual dysfunction on the patient. 

Recent publications have highlighted the high preva- 
lence of ED (80%) in men taking long-term opiate-con- 
taining analgesics," such as codeine and tramadol. Over 
70% of men taking such analgesic drugs for over 3 
months had TTs of less than 8 nmol/L. 

Men on long-term anticonvulsant drugs have been 
shown to be at high risk of ED through drug interaction 
and lowered androgen levels. 

Alpha-blockers, 
ejaculatory problems in over 30% of men on direct 


particularly tamsulosin, cause 
questioning, which can be extremely important in view 
of the strong association between LUTS/BPH and ED 


and the recent licensing of daily PDESIs to treat LUTS.'® 


The role of lifestyle modification 


Recent studies on men without severe cardiovascular 
risk factors” have shown modest three-point improve- 
ment of the EF domain of the IEF after 2 years of 
intensive diet and exercise modification.’ These find- 
ings suggested that lifestyle modification could play an 
important role in ED management, such that in the UK 
primary care physicians are required to show that 
smoking cessation, diet, and exercise advice has been 
issued to all men with ED and diabetes. Unfortunately 


no study has looked at the impact of lifestyle modifica- 
tion in ED associated with multiple, often combined risk 
factors. Physicians need to be aware that a three-point 
improvement over 2 years with intensive intervention 
might not be relevant to men with severe ED, especially 
as they are unlikely to be receiving the intensive support 
provided in studies. 

Recent studies have also shown that weight loss can 
raise testosterone levels in hypogonadal men, leading 
many to recommend diet and exercise as the mainstay 
of management for the hypogonadal man.” The EMAS 
study evaluated 2395 (mean BMI 27.6) men over a 
mean of 4.4years*® and found that a 10% reduction in 
weight produced a 2.2nmol/L increase in testosterone, 
with weight gain resulting in a corresponding decrease 
in TT. FT was only significantly reduced with 15% 
weight loss, and smoking cessation was associated with 
a slight fall in testosterone independent of weight 
change. The effect was less marked in men with diabetes, 
and in the entire cohort an equal number of men gained 
weight over the 4.4years as achieved weight loss. The 
same group also reported that a TT of less than 8nmol/L 
was associated with a five-fold increased hazard ratio 
and double the mortality risk compared with those with 
normal levels. If the patient experienced sexual symp- 
toms — ED, loss of morning erection, lack of desire — the 
mortality risk was increased three-fold.’ They concluded 
that “detection of low T in men presenting with sexual 
symptoms offered an opportunity to identify a small 
subgroup of men at particularly high risk of dying.” 

These studies raise the issue as to whether relying on 
lifestyle advice for the man with ED and low testos- 
terone is ethical, based on the fact that diet might have 
previously failed despite the best efforts of skilled 
healthcare practitioners (HCPs), and improvements 
might take years, during which time he will be exposed 
to mortality risk and undertreated ED. The possible 
impact on his relationship of a 4-year treatment strategy 
needs to be considered, although some might prefer to 
address their problem predominantly with lifestyle 
change. Recent studies consistently show that TRT is 
associated with significantly greater weight reduction 
over 5 years, with corresponding metabolic benefits”! 
and prompt improvement in sexual function.” Recent 
retrospective studies suggest a possible reduction in 
mortality with TRT,”*?** although a recent publication 
showing similar findings came to a different conclusion, 
but was the subject of markedly flawed analysis.” 
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Current prescribing issues in ED 


During the consultation, the physician will have 
assessed the needs and expectations of the patient and 
their partner, and treatment needs to be tailored to 
achieve this within the limitation of their means and the 
healthcare system. Lifestyle modification should have 
been addressed, along with optimal management of risk 
factors. Current guidelines list oral therapy, and possibly 
a vacuum device, as first-line therapy, with sexual 
counseling for couples with important psychological 
and relationship issues.! 

There are currently three PDE5Is available, sildenafil, 
tadalafil, and vardenafil, with others to follow. Frequent 
exposure to the full dose of oral therapy on at least eight 
occasions is required, accompanied by direct stimulation.' 

In June 2013 the patent on sildenafil expired and the 
cost has fallen to under £1 per tablet. On this basis, 
there is little justification for restricting the quantity of 
medication, especially on private prescription. Many 
patients previously obtaining medication from hospital 
on a “severe distress” basis should be re-evaluated 
because a private prescription may be a better financial 
option for the patient, especially when travel and 
parking costs are considered, plus the huge saving on 
unnecessary referrals.” This is also a “safer” practice in 
view of the potential for contraindicated medication 
being prescribed when medications are provided from 
different sources. The patent expiry of sildenafil is an 
excellent opportunity to defeat the internet counter- 
feiters and treat men with important cardiovascular risk 
factors in the appropriate primary care setting. The 1998 
UK Department of Health (DoH) guidance on ED,*”¢ 
based on cost implications, has become outdated and 
potentially wasteful of secondary care resources. As a 
result, in 2014, the DoH allowed generic sildenafil and 
alprostadil to be prescribed for all men with ED, but the 
1998 regulations will still apply to older drugs. The 
stated objectives behind these decisions were to allow 
more men to present to GPs and have appropriate risk 
factor management and reduce the number of men 
seeking potentially dangerous counterfeit medication 
from the internet. 

Recently tadalafil 5 mg daily, having already proved a 
popular option to treat ED without the need for “on 
demand therapy,” has been licensed to treat BPH/LUTS 
as a UK National Health Service (NHS) prescribed drug. 
Current theories suggest that LUTS are related to pelvic 


vascular disease, insulin resistance, and sympathetic 
overactivity rather than simply an issue of prostate 
size.” Alpha-blockers are known not to influence 
disease progression, and long-term studies of PDE5Is 
will be of interest.’” 

Data suggest that efficacy in LUS/BPH is similar to that 
of tamsulosin. As both ED and LUTS coexist in around 
70% of cases,” it would be logical to use one drug to 
treat both conditions, especially as tamsulosin causes 
sexual adverse events in over 30%,!° and product 
labeling still suggests “caution” in using the two drugs 
together.” If we consider a man with bothersome LUTS 
funding his own ED therapy, he might well appreciate a 
consultation facilitating a switch to daily therapy that 
might treat both problems. If the man has ED and a small 
prostate, and an alpha-blocker is ineffective, then the 
next action might be a transurethral resection of prostate 
(TURP), which would then qualify him for NHS ED 
therapy. Substitution or addition of tadalafil 5mg daily 
might deal with both issues and avoid surgery. These 
issues raise ethical concerns as to whether our role as GPs 
is to advise what might be in the best interest of the 
patient or primarily consider the local prescribing issues.*° 


The role of testosterone 
replacement in ED 


The BSSM? and Endocrine Society"! guidelines recom- 
mend TT measurement in all men with ED and 
treatment of low testosterone (<8nmol/L) prior to a 
PDE5 inhibitor (Figure 9.2). Clearly if the patient also 
had established CVD risk factors then a PDESI will also 
be required. Recent long-term studies have shown con- 
siderable sexual and metabolic benefits associated with 
TRT.?! Many studies focus solely on erectile function, 
whereas sexual function (desire, ejaculation, orgasm, 
intercourse, and overall satisfaction) are significantly 
improved when hypogonadal men are treated with 
TRT.” highly 
dependent, and many men value this as being as impor- 


Morning erections are androgen 
tant as achieving a firm erection once a week for 
intercourse. If we do not ascertain what the patient is 
looking for, it is less likely that we will deliver the out- 
come they desire. If offered the choice, many men will 
opt for testosterone therapy as it is usually covered by a 
healthcare or reimbursement system, whereas PDE5Is 


are not. 
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TRT is usually considered to be lifelong’! unless pro- 


found weight loss is achieved, as this may be associated 


with an elevation of natural testosterone levels. There are 


considerable funding and long-term monitoring issues 


associated with this approach and these need to be 


integrated into models of diabetes and cardiovascular care. 


Conclusion 


The BSSM-ED guidelines were reviewed in 2013 to 
include recent publications. It is firmly established that 


ED is an important marker for cardiovascular disease 


and should be included routinely in men’s health 


assessment. The management of associated cardiovas- 


cular risk is at least as important as the management of 


the erection problem. The availability of low cost generic 


sildenafil should make treatment more readily available 


and affordable, 


enabling men with cardiovascular 


disease to be diagnosed and treated and avoid health 


risks associated with counterfeit internet medication. 
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Introduction 


Sexual activity involves a complex array of behaviors, 
bringing together two separate partners, in the majority 
of cases of opposite genders, communicating their 
reciprocal sexual interest in reproduction or just in 
having fun. Hence, communication is the cornerstone 
of sexual activity. There are several languages used 
for sexual communication, but the most common is 
hormones, messages sent from dedicated glands into 
the bloodstream for recipient targets. Therefore, 
when sexual communication is problematic, such as in 
the case of erectile dysfunction (ED), understanding 
endocrine causes and consequences is mandatory. 
Hormone alterations can be involved in determining ED 
or can be the consequence of ED, often with a bidirec- 
tional interconnection. 

The prevalence of endocrine disorders in subjects 
consulting an outpatient clinic for ED is reported in 
Figure 10.1. The most common disorders are those 
affecting the ability of the testis to secrete the main male 
hormone, testosterone (T). Also metabolic disorders are 
often observed in men with ED and, in particular, obe- 
sity and type 2 diabetes mellitus (T2DM). Another 
endocrine disorder occurring less frequently, but with 
specific sexual correlates, is hyperprolactinemia. Thyroid 
disorders are not uncommon, but their specific contri- 
bution to ED is more questionable. All these conditions 
will be analyzed in the following sections. Note that 
more than 70% of the consulting individuals resulted 
were positive for at least one of the conditions depicted 
in Figure 10.1. 


Hypogonadism 


Male hypogonadism is defined as the failure of the 
testes to produce germ cells, sex steroids (T being the 
most abundant), or both. It may be the result of either 
an absent or inadequate secretion of hypothalamic 
gonadotropin-releasing hormone (GnRH) or of pituitary 
gonadotropin or, finally, of a testicular deficiency in sex 
steroid/sperm production.’ The latter condition is 
termed primary hypogonadism (hypergonadotropic), 
while the former ones are known as secondary or 
central (hypogonadotropic) hypogonadism. All the 
forms of hypogonadism can be acquired or, less 
frequently, congenital. Among the latter, Klinefelter’s 
syndrome (KS) is the most common form of pri- 
mary hypogonadism, occurring in 1:500 individuals. 
Idiopathic hypogonadotropic hypogonadism (IHH) is 
the most commonly observed form of congenital 
secondary hypogonadism and is 100-fold less prevalent 
than KS. A hypogonadism-like syndrome can also 
result from reduced sensitivity, or insensitivity, to T or 
because of reduced bioavailability of T, due to an 
increase in its carrier protein, sex hormone-binding 
globulin (SHBG). 

The aforementioned classification of hypogonadism 
i.e., primary/secondary) does not take into consider- 
ation T deficiency-related symptoms. It is well known 
that both primary and secondary hypogonadism symp- 
toms and signs are dictated more by the age of onset of 
the testicular failure than by the cause of this failure.** 
In fact, whereas early-onset hypogonadism is associated 
with severe symptoms and signs, the form with an adult 
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Severe hyperprolactinemia ji 1,3 
Mild hyperprolactinemia = 3 
Acromegaly | 0,3 
Secondary hypogonadism a 17,4 
Compensated hypogonadism “l 4,1 
Primary hypogonadism = 3 
Overt hyperthyroidism | 0,2 
Subclinical hyperthyroidism = 2,8 


Overt hypothyroidism | 0,4 


Subclinical hypothyroidism a 2,1 
Type 2 diabetes 20,3 


Obesity i 16,7 


eve es 22,2 
Any of the above |i}, 72,6 


% 


Figure 10.1 Prevalence of endocrinological problems as derived from a consecutive series of 4388 subjects seeking medical care for 
sexual dysfunction at our unit between 2000 and 2013. Hyperprolactinemia (circulating prolactin levels >420 mU/L or 20 ng/mL) 
was considered mild (prolactin levels 420-735 mU/L, or 20-35 ng/mL) or severe (prolactin levels >735 mU/L, or 35 ng/mL) as 
previously reported.'*'? Gonadal status was identified according to the European Male Aging Study criteria: normal or eugonadal 
(testosterone 210.5 nmol/L and luteinizing hormone <9.4 U/L); secondary hypogonadism (testosterone <10.5 nmol/L and luteinizing 
hormone <9.4 U/L); primary hypogonadism (testosterone <10.5 nmol/L and luteinizing hormone >9.4 U/L); and compensated 
hypogonadism (testosterone 210.5 nmol/L and luteinizing hormone >9.4 U/L).’ Subclinical hypo- and hyperthyroidism were defined 
when TSH values were outside the reference ranges (0.4-4.5 mU/L) with normal free thyroid hormones. Overt hypo- and hyperthy- 
roidism were defined when both TSH and free thyroid hormone values were outside the reference ranges. 


onset is less clinically apparent and is known as late- 
onset hypogonadism (LOH). Increased visceral adiposity 
and metabolic derangements, including T2DM and met- 
abolic syndrome (MetS), are the most common morbid- 
ities associated with LOH.°’ 

The prevalence of different forms of LOH in the gen- 
eral population has been analyzed in the European 
Male Aging Study (EMAS) —- a survey of more than 
3400 community-dwelling, middle-aged and older 
men.*? Low T (<10.4nmol/L) was detected in 13.8% of 
the cohort, with the secondary form of LOH (luteinizing 
hormone, LH <9.4 U/L) more prevalent (11.8%) than 
the primary one (2%), which is characterized by 
increased LH levels (LH >9.4 U/L). The same study 
reported that 9.5% of the European population could be 
classified as having compensated hypogonadism, that is, 
with T in the normal range (210.5nmol/L), but with 
inappropriately high LH (>9.4 U/L).’ The clinical signif- 
icance of compensated hypogonadism is still a matter of 
debate.’ 


Considering that T production from the testis is 
progressively reduced by 0.4-2% per year from the 
third decade onward,’ distinguishing pathological 
conditions underlying LOH from a physiological T 
decline is not easy In addition, recognizing hypogonad- 
ism in adult subjects complaining of, and consulting for, 
sexual dysfunctions is an increasingly difficult task, 
because sexual problems are, per se, the most common 
symptoms associated with the LOH condition. In fact, in 
the aforementioned European survey, it was established 
that hypoactive sexual desire, and loss of spontaneous 
and sex-related erections are the three correlates most 
closely associated, in a syndromic way, with a low T 
level’ (see below). Other physical and psychological 
symptoms and signs often considered as being associated 
with LOH are reported in Table 10.1 (for review see Refs 
1,2,10). In the EMAS study, three physical symptoms 
(inability to engage in vigorous activity, inability to walk 
for a long distance, and an inability to bend) and three 
psychological symptoms (loss of energy, sadness, and 
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Table 10.1 More and less specific clinical, biochemical, and instrumental parameters associated with hypogonadism. 


Sexual symptoms Physical symptoms 


Psychological 


Clinical signs 


Biochemical and/or 


symptoms instrumental signs 
More Reduced sexual Decreased vigorous activity Sadness Increased body fat, Oligozoospermia/ 
specific desire (libido) Difficulty walking >1 km Loss of energy body mass index azoospermia 
Erectile dysfunction Inability to bend Fatigue Very small (especially Reduced prostate 
Decreased <5 mL) or shrinking specific antigen (PSA) 
spontaneous testes Osteoporosis 
erections Decreased prostate size 
Less Decreased frequency Hot flushes, sweats Poor concentration Loss of body (axillary Mild anemia 
specific of intercourse Decreased energy, motivation, and memory and pubic) hair, (normochromic, 
Decreased initiative, and self-confidence Sleep disturbance, reduced shaving normocytic, in the 
autoeroticism Reduced muscle bulk and increased sleepiness Gynecomastia female range) 
Delayed ejaculation strength 
Diminished physical or work 
performance 
fatigue) were apparently associated with low T.§ Medical history 


However, differences in T levels between symptomatic 
men and asymptomatic men were minimal, reflecting 
the weak overall association between physical and 
psychological symptoms and T levels in that cohort. 
Interestingly, in another EMAS study on compensated 
hypogonadism, in a confounder-adjusted model, only 
physical symptoms and not the sexual ones were 
associated with the condition.’ It is important to note 
that only the syndromic association between sexual 
symptoms and low T were dose-dependent and con- 
firmed in the EMAS validation set, in which the 
strengths of the association between symptoms and low 
T levels determined the minimum criteria necessary for 
identifying LOH. Hence, according to the EMAS study, 
only the simultaneous presence of three sexual 
symptoms combined with a total T level of less than 
11 nmol/L and a free testosterone level of less than 220 
pmol/L can be considered the minimum criteria for the 
diagnosis of LOH.’ Similar thresholds were proposed by 
the International Society for Sexual Medicine, that is, 
total T below 12nmol/L and free T below 225 pmol/L, 
if typical symptoms are present.'? Therefore in a 
population of aged subjects seeking medical care for 
sexual dysfunction, a dedicated medical history, an 
accurate physical examination, and an appropriate 
biochemical evaluation are mandatory for identifying 
LOH subjects and for assessing the correct therapeutic 
intervention (see also Figure 10.2). 


To help clinicians in collecting the most relevant 
information for recognizing hypogonadism, several 
questionnaires have been developed (for review see 
Refs 1-5). All these instruments have demonstrated a 
good sensitivity in cross-sectional surveys; however, 
their relative specificity is rather low.'*'° In addition, 
they are not specifically designed for subjects with 
sexual dysfunction. We previously developed and 
validated a brief (12 items) structured interview 
(ANDROTEST) specifically designed for the screening 
of hypogonadism in subjects with sexual dysfunc- 
tions.* The patient’s answer is codified on a 0-3 Likert 
scale by the interviewer, who does not need any 
specific training. The final score can range from 1 to 
32. A higher score identifies a higher prevalence of 
hypogonadism-related symptoms and signs. In the val- 
idation sample, we reported that an ANDROTEST 
score higher than 8 has an almost 70% sensitivity and 
specificity in detecting low total or free T.* The 
structured interview investigates sexual symptoms 
(ED, hypoactive sexual desire, and delayed ejacula- 
tion), as well as the presence of the most common 
hypogonadism-related comorbidities. More recently, 
we also reported that the combination of ANDROTEST 
with the detection of psychological symptoms as 
derived from the Middlesex Hospital Questionnaire, 
modified (MHQ) further improves its ability in detect- 
ing hypogonadism."! 
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Symptoms or signs suggestive of Testosterone Deficiency 


Measure total testosterone (TT) 


if hypoactive sexual desire add prolactin 


(PRL) 


TT < 12 nmol/L (3.5 ng/mL): Low or borderline 


Repeat TT, add LH and PRL, + SHBG if TT 
borderline (8 to 12 nmol/L) to calculate 
Free Testosterone (cFT) 


T < 8 nmol/L: Confirmed T deficiency 
T < 12 nmol/L and/or cFT < 225 pmol/L 


(65 pg/mL): possible testosterone deficiency 


High LH 
Primary T deficiency 


Trial of testosterone 
therapy 


TT > 12 nmol/L (3.5 ng/mL): Normal 


No T deficiency: seek other causes 


T> 12 nmol/L and cFT > 225 pmol/L (65 pg/mL) 


Low or normal LH 


Secondary T deficiency 


Fertility NOT desired Fertility desired 


Gonadotropins 


Figure 10.2 Algorithm for the diagnosis of testosterone deficiency. PRL, prolactin; cFT, calculated free testosterone; TT, total 
testosterone; LH, luteinizing hormone; SHBG, sex hormone-binding globulin. 


Physical examination 

Examining testis volume (TV) by using the Prader orchi- 
dometer is mandatory in every patient with sexual 
dysfunction. We found that higher TV is positively asso- 
ciated with T and gonadotropin levels but also with 
overweight/obesity, smoking, alcohol abuse, and hyper- 
tension, most probably because the latter conditions 
might affect testicular microcirculation and decrease the 
T secretory capacity of the testis; hence more LH is 
needed to compensate the reduced T secretion.!? 
Gynecomastia is another sign frequently associated with 
hypogonadism." 

According to the Standard Operating Procedures 
in Sexual Medicine, a correct physical examination 
should also include digito-rectal examination (DRE) of 
the prostate. This relatively easy medical procedure can 
exclude the presence of suspected peripheral prostatic 
nodules or glandular inflammation and provide useful 
information on the state of prostate growth. The 
presence of an enlarged prostate can be suggestive of 
benign prostatic enlargement (BPE). In addition, 
because the prostate represents one of the main targets 
of androgen action, a reduced prostate volume may be 
suggestive of hypogonadism. '* 


Biochemical evaluation 

Approximately 2% of circulating T is free (or binding 
protein unbound), whereas the rest is either tightly 
bound to SHBG or loosely bound to albumin (bioavail- 
able T). Circulating SHBG (and thereby total T) levels 
are decreased by androgens and glucocorticoids and 
increased by estrogens and thyroxine. Other determi- 
nants of circulating SHBG are upregulation by acute 
or chronic liver disease and androgen deficiency, 
and downregulation by obesity, insulin, and growth 
hormone (GH) deficiency. The majority of immunoas- 
says (IAs) show good accuracy in the estimation of high 
(adult male) total T levels; however, they usually 
overestimate low T concentration, reducing the speci- 
ficity and sensitivity for diagnosing hypogonadism. 
EMAS group 
measurement methods for T, namely, a common vali- 
dated platform IA (Modular Analytics E170 electro- 
chemiluminescence, Roche Diagnostics) and a gas 


Recently, the compared different 


chromatography mass spectrometry (GC-MS) method. 6 
Although the two methods show an overall high corre- 
lation (r=0.93, p<0.001), the IA was less robust in the 
hypogonadal range (<llnmol/L; r=0.72, p<0.001). 
Nonetheless, the conclusion was that validated IA 
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platforms can be as good as GC-MS in the clinically 
important discrimination between eugonadal and hypo- 
gonadal men, especially when combined with the 
clinical signs of androgen deficiency. 

Measurements of free T (FT) and non-SHBG-bound T 
are cumbersome and direct methods are unreliable. The 
gold standard for non-SHBG-bound T measurement is 
ammonium sulfate precipitation, and for FT the dialysis 
technique. However, these methods are non-automated, 
time-consuming, and require expensive techniques 
and, therefore, are not routinely used in most labora- 
tories. A MS-based assessment of FT in ultrafiltrates was 
proposed as a candidate comparison method.'*'® Since 
SHBG concentrations can be influenced by many 
factors, the calculation of free T with available web algo- 
rithms — including the Vermeulen (http://www.issam. 
ch/freetesto.htm) and Sodergard formulae — should be 
preferred in clinical practice, because they are readily 
available and have been validated by comparison with 
the equilibrium dialysis assay, at least for the Vermeulen 
formula. These algorithms assume that when the con- 
centrations of total T, SHBG, and albumin, and the 
constants for the binding of T to SHBG and albumin 
are known, FT and bioavailable T can be calculated. 
However, values reported for albumin and SHBG 
binding constants are relatively variable (almost one log 
unit) and, in addition, calculated results rely on the 
robustness of the measurements of SHBG and total T. 
The free androgen index (FAI), which is obtained as the 
quotient 100T/SHBG, is a surrogate of the previous cal- 
culations and is simpler and more rapid. Because the 
relationship between SHBG and T is relatively linear in 
the lowest T range, but exponential for higher values 
and solved by a second-degree equation, this formula 
might be useful for females, but it is totally inapplicable 
in male individuals. A comparison of FAI and free T 
(determined by centrifugal ultrafiltration) yielded a cor- 
relation coefficient of 0.858 for 20 adult females but 
only 0.435 for 19 adult males.’?'!° Hence, we suggest 
systematically using calculated FT (cFT), by using the 
Vermeulen equation (http://www.issam.ch/freetesto. 
htm). Concerning the threshold for cFT, we suggest 
using 225 pmol/L, as indicated by several guidelines!” 
and essentially validated in the EMAS study.’ 

We recently proposed that prostate specific antigen 
(PSA) could represent a marker of T bioactivity.'°!” In 
those studies, the relationship between circulating T and 
PSA was better described by an exponential curve (power 


model) with a sharp rise in the hypogonadal range and 
a flat plateau in the eugonadal one, according to the 
previously formulated “saturation hypothesis” of the 
biological effect of T.'*'”'® After adjusting for age, low PSA 
was associated with hypogonadism-related features (i.e., 
delayed puberty, lower testis volume, and gynecomastia) 
and associated conditions, such as MetS and cardiovas- 
cular diseases (CVD). Furthermore, low PSA was associ- 
ated with impaired sex- and sleep-related erections and 
less frequent intercourse. Hence, low PSA could help in 
identifying a low T state. The best sensitivity and speci- 
ficity for detecting TT of less than 8 nmol/L was at PSA less 
than 0.65ng/mL (65.2% and 55.5%, respectively)." 


Prolactin 


In contrast to the well-known role of prolactin (PRL) in 
female reproduction (i.e., promoting breastfeeding), the 
physiological effect of PRL on male reproductive fitness 
is unknown, although several data have demonstrated a 
marked inhibitory effect of hyperprolactinemia on 
sexual desire,'!? most probably acting on hypothalamic 
GnRH (and therefore on T production) and/or dopamine 
production and turnover. Conversely, the effect of 
hyperprolactinemia on erectile function is more 
questionable (see below). 


Prolactin modification and erectile function 
Both hyperprolactinemia and, more recently, reduced 
prolactin (PRL) levels have been associated with the 
impairment of erectile function. The specific evidence 
will be analyzed in the following sections. 


Hyperprolactinemia 

In men seeking medical care for sexual dysfunction, the 
prevalence of mild hyperprolactinemia (MHPRL, defined 
as PRL >420mU/L or >20ng/mL) is quite variable, ranging 
from more than 13% to less than 2%.’ In contrast, severe 
hyperprolactinemia (SHPRL, defined as PRL >735mU/L 
or >35ng/mL) is a relatively rare event (<1 %).!? We report 
here similar results in a large series (>4000) of subjects 
seeking medical care for sexual dysfunction (see 
Figure 10.1). Previous findings have shown that among 
patients with MHPRL, repeat blood sampling reveals 
normal PRL values in 50% of cases, most probably due to 
venepuncture stress.” In addition, SHPRL underlines an 
organic problem in the hypothalamic-pituitary region in 
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two-thirds, and a drug-induced condition in almost one- 
third of cases.” In particular, drugs blocking dopaminergic 
(antipsychotic and antiemetic) or increasing serotonin- 
ergic (antidepressants) transmission represent the most 
common causes of iatrogenic hyperprolactinemia.'””° 

It has been reported that a severely reduced libido is 
associated with a ten-fold greater chance of having 
SHPRL, while no association was observed with 
MHPRL.?°”! Similar data were observed in a more recent 
study involving more than 3700 male patients with 
sexual dysfunction.*! SHPRL impairs physiological pulsa- 
tile gonadotropin secretion leading to the development 
of secondary hypogonadism. The latter has been consid- 
ered the most important pathogenic mechanism involved 
in the SHPRL-induced reduced libido.'”*° However, it has 
been suggested that PRL also plays a direct role in the 
control of male sexual desire.'’?° Accordingly, among 
hypogonadal subjects with hyperprolactinemia, pro- 
lactin-lowering drugs are able to restore both T levels 
and libido, while TRT is not as effective.” 

The relationship between hyperprolactinemia and 
erectile function is under debate. Some authors have 
suggested a possible pathogenetic link between severe 
ED and SHPRL”**? (for review see Ref. 19). However, in 
our studies we were unable to confirm the latter 
association after adjustment for confounders including 
T levels.?°*! Hence, it can be speculated that SHPRL- 
induced hypogonadism could explain, at least partially, 
the association between ED and SHPRL.’’ 


Hypoprolactinemia 

In apparent contrast with the aforementioned findings, 
we previously reported that in subjects with sexual 
dysfunction low PRL was associated with arteriogenic 
ED.** We more recently confirmed this observation in the 
general European population.” Some experimental 
studies indicated that acute, but not chronic, pharmaco- 
logical elevation of brain PRL is associated with a facilitated, 
rather than an impaired, sexual behavior, including 
increased penile erection, mounting, and intromission 
activity.”° Similar results have been reported in men.” 

All these findings indicate that PRL might have a more 
positive, rather than negative, effect on initiating or 
maintaining sexual behavior. It is still unclear how PRL 
may facilitate male sexual behavior. Different mecha- 
nisms can be advocated to explain these associations. In 
fact low PRL in the peripheral circulation could mirror, 
within the hypothalamus, either increased dopaminergic 


or decreased serotonergic signaling. The latter, however, 
represents the most intriguing hypothesis.'?7*° 


Determination of prolactin 
Since hyperprolactinemia represents quite a rare 
condition in patients seeking medical care for sexual 
dysfunction, current guidelines do not recommend wide- 
spread evaluation of PRL levels in ED patients.'? On the 
other hand, PRL should be measured in all subjects 
complaining of reduced sexual desire or in the presence 
of low T levels. Conversely, gynecomastia does not 
represent a pathognomonic sign of hyperprolactinemia, 
since patients with gynecomastia do not always have 
hyperprolactinemia.’*? Most probably, hyperprolac- 
tinemia acts through a suppression of the pituitary-testis 
axis, more than through a direct action on the breast 
tissue. When PRL levels are required, current blood must 
be sampled fasting and at rest to reduce the stress linked 
to venepuncture. In case of results exceeding 20ng/mL 
(400 mU/L), the test should be repeated after discontin- 
uation of any drug interfering with PRL secretion and, if 
possible, after insertion of a catheter.'’ This will eliminate 
almost 50% of MHPRLs found at first assay. If not already 
checked, serum T and thyroid-stimulating hormone 
(TSH; because TSH-releasing hormone is a PRL-stimu- 
lating factor) should be measured at the same time. In 
case of non-drug-induced SHPRL associated with normal 
T and TSH levels, screening for these biologically inactive 
variants of PRL with high molecular weight, which con- 
stitute “false hyperprolactinemia or macroprolactinemia,” 
is recommended.'** This may be done by means of PRL 
chromatography or, in a cheaper way, by precipitation 
with polyethylene glycol. Macroprolactinemia accounts 
for 10 to 22% of all causes of hyperprolactinemia, and is 
found in about 1% of the general population.”® In case of 
SHPRL and reduced T levels, after excluding a drug- 
induced form, computed tomography (CT) scan, or 
better, a magnetic resonance image (MRI) of the hypo- 
thalamic-pituitary area should be performed, in order to 
exclude hypothalamic-pituitary tumors.'”8 


Thyroid hormones 


Hyperthyroidism is a quite common endocrine disease, 
with a prevalence of 0-2% in men and an incidence of 
20/1,000,000/year in the general population and a 
male:female ratio of 1:5.!? Hypothyroidism is one of the 
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most common chronic endocrine disorders in the 
Western population, with annual incidence rates of 2 
in 10,000 for males.'? Subclinical disorders represent 
other common clinical conditions present in about 
2-5% of the general population. They are characterized 
by normal thyroid hormones and elevated (5-10 mU/L: 
subclinical hypothyroidism) or suppressed (<0.2—0.1 mU/L: 
subclinical hyperthyroidism) TSH levels. Similar figures 
have been observed in subjects consulting for ED (see 
Figure 10.1). 

While subclinical thyroid diseases are in the vast 
majority of cases totally asymptomatic, overt hypo- 
and hyperthyroidism are often clinically manifest. 
Hyperthyroid symptoms include palpitation, trembling, 
unexplained weight loss, sleep disturbances, diarrhea, 
and fatigue. These individuals may become irritable and 
easily upset. When hyperthyroidism is severe, patients 
can suffer shortness of breath, chest pain, and muscle 
weakness. Usually the symptoms of hyperthyroidism 
are so gradual in their onset that patients do not recog- 
nize the symptoms until they become more severe. This 
means the symptoms may continue for weeks or months 
before patients fully realize that they are sick. In older 
people, some or all of the typical symptoms of hyperthy- 
roidism may be absent, and the patient may just lose 
weight or become depressed. 

The signs and symptoms of hypothyroidism vary, 
depending on the severity of the hormone deficiency. But 
in general, problems tend to develop slowly, often over a 
number of years. Fatigue, increased sensitivity to cold, con- 
stipation, dry skin, and unexplained weight gain are fre- 
quently associated with milder problems at the beginning, 
while advanced hypothyroidism, known as myxedema, is 
rare, but when it occurs it can be life-threatening. 


Thyroid hormones and erectile function 

Although thyroid dysfunction is often highlighted as a 
common ED-associated condition, only a few evidence- 
based reports have investigated this aspect (for review 
see Ref. 19). We recently evaluated the relationship bet- 
ween thyroid hormone and erectile function in a large 
series (7=3203) of subjects seeking medical care for 
sexual dysfunction at our unit and in subjects from the 
EMAS study.” We found that in both samples overt 
hyperthyroidism — but not hypothyroidism or subclin- 
ical conditions — was associated with an increased risk of 
severe ED.*? However, although our study showed that 
ED was a symptom frequently observed in patients with 


overt hyperthyroidism (>60%), the latter was an infre- 
quent (<1%) clinical condition in patients seeking 
medical care for ED” (see also Figure 10.1). Thyroid 
hormone receptors have been described in human cor- 
pora cavernosa.” Studies in animal models of hyperthy- 
roidism indicate an impairment of nitric oxide-dependent 
relaxation of corpora cavernosa.” It is therefore possible 
that hyperthyroidism-associated ED could be due to a 
direct effect of thyroid hormones on their cognate 
receptors.'? Accordingly, a small uncontrolled Italian 
study documented that the restoration of euthyroidism 
might improve ED.?! 


Determination of thyroid hormones 

Since thyroid diseases are rarely detected in patients 
seeking medical care for sexual dysfunction, current 
guidelines do not recommend the evaluation of thyroid 
hormones in ED patients, unless specific symptoms or 
signs are observed or in the presence of ejaculatory 
problems.!’ Accordingly, associations between delayed 
ejaculation, premature ejaculation, and hypo- and 
hyperthyroidism, respectively, have been extensively 
documented”? (for review see Ref. 19). In addition, 
hyperthyroidism is a well accepted cause of acquired 
thyroid 
dysfunction can be performed using any of several 


premature ejaculation.'? Screening for 
serum thyroid function tests. However, the isolated 
determination of TSH is usually recommended, because 
it can detect abnormalities before other tests become 
abnormal. When used to confirm suspected disease in 
patients referred to a specialty endocrine clinic, the TSH 
test has a sensitivity above 98% and a specificity greater 
than 92% for clinical and functional diagnoses.** Free 
triiodothyronine (FT,) and thyroxine (FT,) should be 
checked only when TSH is outside the reference range.** 


Other hormones 


Adrenal hormones 

Adrenal insufficiency is a rare clinical condition, due to 
hypothalamic-pituitary defects (secondary adrenal insuf- 
ficiency) or to several conditions affecting primarily the 
adrenal gland (primary adrenal insufficiency). The latter, 
also called Addison’s disease, affects 1-4 in every 100,000 
people, in all age groups and both sexes.'’ The symptoms 
of adrenal insufficiency usually begin gradually and 
include worsening fatigue, muscle weakness, loss of 
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appetite, and weight loss. Hyperpigmentation, or dark- 
ening of the skin, can occur in Addison’s disease but not 
in secondary adrenal insufficiency. Because the symp- 
toms progress slowly, they are often ignored until a stress- 
ful event like an illness or accident causes them to worsen. 

Fatigue and muscle weakness also characterize the 
excess of adrenal cortisol production commonly known 
as Cushing’s syndrome (CS). An estimated 10 to 15 of 
every million people are affected every year by CS, 
which is more prevalent in females, accounting for 
about 70% of all cases. Other symptoms of CS include 
weight gain, fatty tissue deposits (particularly in the 
face, known as moon face, and between the shoulders, 
known as buffalo hump), and skin changes, such as 
pink or purple stretch marks (striae) on the skin of the 
abdomen, thighs, breasts, and arms; thinning, fragile 
skin; and slow-healing cuts, insect bites, and infections. 

The prevalence of sexual dysfunction in patients with 
secondary adrenal insufficiency is unknown. However, 
Granata et al., in a small uncontrolled study,” recently 
reported that subjects with a first diagnosis of primary 
autoimmune adrenal insufficiency are characterized by 
worse sexual function, and improved by cortisol and aldo- 
sterone supplementations. Adrenal insufficiency has been 
traditionally treated with glucocorticoids alone or with 
mineralocorticoids (for the primary condition), while 
treating the concurrent androgen deficiency with dehy- 
droepiandrosterone (DHEA) has not yet attained standard 
of care, due to the presence of conflicting results.’® 

An age-dependent reduction of circulating DHEA sul- 
fate has been reported. DHEA and its sulfate, DHEAS, 
have been implicated in a broad range of biological 
abnormalities including obesity, diabetes, osteoporosis, 
sexual dysfunction, cancer, and mental disorders.'’ 
However, the results of several small DHEA supplemen- 
tation studies are rather inconclusive, if not negative.’’ 
We recently confirmed these data in a meta-analysis of 
the available placebo-controlled studies.*® 

In men, Cushing’s syndrome has been frequently asso- 
ciated with decreased libido, decreased fertility, and ED.’ 
However, it is not known yet whether ED is due to the 
excess of cortisol production or secondary to the related 
hypogonadism or a consequence of fat accumulation.” 


Growth hormone 

The most common disease of growth hormone (GH) 
excess is due to a GH-secreting pituitary adenoma, caus- 
ing a syndrome known as acromegaly, a relatively rare 


condition, with an estimated prevalence of 20-60 cases 
per million.'? Symptoms develop insidiously, taking 
years to decades to become apparent, with a mean dura- 
tion of symptom onset to diagnosis of 12 years.’ 
Although impotence and decreased libido are often 
reported as a symptom of acromegaly in textbooks,’ it is 
still unclear if this is due to the excess of GH or to com- 
pression by the GH-producing tumor of neighboring 
gonadotropin-producing cells. In fact, secondary hypo- 
gonadism is a relatively common feature of acromegaly, 
due to an excess of PRL, to mixed hyperproduction of 
GH and PRL, or to compression of the pituitary stalk.’® 

Considering that, in the aging male, a progressive 
reduction of release of GH and of its downstream hor- 
mone, insulin growth factor I (IGF-I), has been 
described, the effect of GH, with and without T supple- 
mentation, has been tested, although in limited series 
and without any positive effects.!° 

In conclusion, due to limited evidence, the determi- 
nation of adrenal hormones as well as GH or IGF-I, is 
not recommended in subjects with ED. The evaluation 
of these specific hormones should be requested only in 
the presence of specific symptoms and signs. 


Obesity 


Definition 

Obesity is an excessive accumulation of body fat mass 
relative to lean body mass, usually due to an unbal- 
anced diet and sedentary lifestyle.*” The usual definition 
of obesity is based on body mass index (BMI), a simple 
index of weight-per-height (a person’s weight in kilo- 
grams divided by the square of their height in meters) 
(http://www.who.int/topics/obesity/en/). According to 
BMI, obesity is categorized as follows:*” 

e grade 1: BMI 30 to <35; 

e grade 2: BMI 35 to <40; 

e grade 3: BMI 240. 

Overweight and obesity is now considered to be a 
global epidemic, on the rise not only in Western soci- 
eties, but also in developing countries. Obesity causes 
concern because it is a risk factor for developing CVD, 
cancer, and common chronic diseases, such as diabetes 
mellitus, hypertension, and dyslipidemia, all conditions 
that can lead to a reduced quality of life and premature 
death.*”? For obesity-associated morbidities it is now 
clear that the distribution of fat is another relevant 
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factor, one that is not computed in BMI. In fact, BMI 
does not take into account the accumulation of visceral 
fat, which characterizes the most pathogenic form of 
obesity: abdominal or central obesity, which can be 
easily quantified by waist circumference (WC). The WC 
is easily measured with a flexible tape placed on a 
horizontal plane at the level of the iliac crest. The 
superiority of WC over BMI in the prediction of 
CVD and diabetes is remarkable, considering that 
measurement of WC has a lower reproducibility than 
that of BMI. BMI may overestimate the degree of 
obesity in individuals who are overweight but with 
expanded lean mass (e.g., professional athletes or body- 
builders); on the other hand, in subjects with reduced 
muscle mass (e.g., the elderly), excess body fat can 
occur within the normal BMI range; this is so-called 
“sarcopenic obesity,” which is associated with a particu- 
larly relevant burden of obesity-related complications. 
Two action levels of WC were determined in Western 
countries to identify men whose health risks were 
increasing (action level 1: >94cm), or high (action level 
2: >102cm).37 Action levels based on WC measure- 
ments were shown to be a valuable and simple method 
for alerting people with an increased risk of CVD, who 
might benefit from weight management.” People at 
action level 1 are 1.5—2-fold more likely to have one or 
more major CV risk factors; people with WC above 
action level 2 are 2.5—4.5-fold more likely to have one 
or more major CV risk factors. 

In adult men, it is well known that T and SHBG 
decline as a function of obesity class.”*”** The relation- 
ship between low T and fat accumulation is a bidirec- 
tional one, because it has been demonstrated that 
inducing hypogonadism is associated with an increase 
in (visceral) adiposity and that an increase in visceral 
adiposity is associated with low T, most probably because 
of a decreased GnRH neuron function.”*” However, the 
association between ED and increased WC is apparently 
independent from obesity-associated comorbidities and 
hypogonadism. In fact, in two distinct cohorts from 
Florence, Italy, reflecting a general and a symptomatic 
(ED) cohort, the association between ED and central 
obesity was confirmed even after adjusting for total T 
and known obesity-associated comorbidities, and was 
more dependent on organic than psychological and 
relational problems.” In line with these data, in a rabbit 
model of MetS-induced increased visceral adiposity, 
non-alcoholic steatohepatitis, and ED, we recently 


demonstrated that treatments aimed at reducing liver 
and circulating tumor necrosis factor « (TNFa) levels or 
neutralizing TNFa action significantly improve penile 
responsiveness to acetylcholine. Hence, obesity-related 
factors other than T seem to play a direct role in the 
pathogenesis of ED. For all these reasons, BMI and, 
more importantly, waist line should be measured in all 
patients seeking medical care for ED. 


Type 2 diabetes mellitus 


Type 2 diabetes (T2DM) is a complex metabolic disorder 
characterized by hyperglycemia, relative deficiency of 
insulin secretion, and a reduced response of target tis- 
sues to insulin (insulin resistance), strictly associated 
with overweight and obesity. The dramatic worldwide 
increase in the prevalence of T2DM is posing a massive 
health problem in both developed and developing coun- 
tries.” Sexual health is greatly impaired by DM.” It 
has been reported that ED occurs in at least 35-90% of 
men with DM, with the onset of ED occurring at an ear- 
lier age (10-15 years before) than in those without 
DM.“ Common multifactorial complications such as 
peripheral neuropathy, atherosclerosis of large blood 
vessels, and endothelial dysfunction of arterioles are all 
involved in the pathogenesis of DM-associated ED. The 
possibility that hypogonadism might contribute to DM- 
related sexual dysfunction has also been envisaged.*”! 
A large body of evidence indicates that ED can be con- 
sidered as a useful sign for the screening of silent myo- 
cardial ischemia in diabetic subjects.*?*? In addition, it 
has also been emphasized that even prediabetic states, 
including impaired glucose tolerance (IGT) and impaired 
fasting glucose (IFG), are clinical conditions character- 
ized by an increased prevalence of arteriogenic ED and 
ED-related hypogonadism. Hence, diagnosing such con- 
ditions could be of dramatic relevance for the correct 
management of ED.**° 


Laboratory criteria 
According to the standard operating procedures of the 
International Society for Sexual Medicine,’* and the 
European Association of Urology,*® fasting plasma 
glucose (FPG) should be evaluated in all subjects com- 
plaining of ED. 

Impaired glucose tolerance is defined as 2-h plasma 
glucose on oral glucose Tolerance test of between 7.8 and 
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11.0mmol/L (140-199mg/dL).*” The IGT category was 
introduced in the late 1970s, whereas IFG, defined by fast- 
ing glucose concentrations of between 6.1 and 6.9mmol/L 
(110-125mg/dL), was proposed for the first time only 
in 1997 by the American Diabetes Association (ADA).*’ 
In 2003, the ADA recommended that this diagnostic 
threshold of FPG should be lowered to 5.6 mml/L (100 mg/ 
dL).*” This change was based on receiver operating char- 
acteristics (ROC) curve analysis in detecting DM over 
a period of 5 years from Pima Indian, Mauritius, San 
Antonio, and Hoorn Study data.*” However, this decision 
has been questioned by several associations.” Finally it 
should be recognized that in the presence of IFG, OGTT is 
recommended to exclude undiagnosed DM.” 

For decades, the diagnosis of diabetes has been based 
on glucose criteria, either the FPG or the 75-g OGTT. 
These include the FPG 2126mg/dL (7mmol/L) or 2-h 
PG =200mg/dL (11.1 mmol/L).*” Recent data indicated 
that, assuming universal screening of the undiagnosed, 
the glycated hemoglobin (HbAlc) cut point of 26.5% 
identifies one-third fewer cases of undiagnosed diabetes 
than a FPG cut point of 2126mg/dL.*’ Additionally, 
patients with severe hyperglycemia, such as those who 
present with severe classic hyperglycemic symptoms or 
hyperglycemic crisis, can continue to be diagnosed 
when a random (or casual) plasma glucose of 2200 mg/ 
dL (11.1 mmol/L) is found.” In the absence of classical 
diabetic symptoms, a test result diagnostic of diabetes 
(FPG or HbAIc) should be repeated to rule out labora- 
tory error.” 


Conclusion 


In sexual medicine, the most important clinical actions 
for decision-making are not procedures based only on 
decision-tree testing algorithms or on shotgun medical 
or surgical prescriptions, but are instead the generation 
and evaluation of appropriate diagnostic hypotheses 
that can improve not only the sexual problem but also 
overall health. Because the majority of drugs employed 
in sexual medicine are agonists or antagonists of hor- 
mone receptors, and endocrinopathies affect a consis- 
tent proportion of subjects seeking medical care for ED 
(in our experience up to 70% of subjects consulting for 
ED have at least one of the conditions depicted in 
Figure 10.1), identifying endocrine disorders underlying 
the sexual problem is mandatory. In addition, quite 


often, correcting the endocrine disorder is a sufficient 

strategy to face the sexual problem. For example, suc- 

cessful treatment of obesity could reverse the hypogo- 
nadal state,” or treating hyperthyroidism can improve 
premature ejaculation.'”?! 

For all the aforementioned considerations, we 
strongly suggest that physicians who are experts in 
sexual medicine perform at least the following clinical 
procedures in all ED patients: 

l Breast and genital inspection and measurement of 
testis volume (Prader orchidometer), along with 
digito-rectal examination of the prostate and 
recording of blood pressure and waistline. 

2 Collect a fasting morning blood sample for: total and 
HDL cholesterol, HbAlc, glucose, triglycerides, 
hematocrit/hemoglobin, TSH, PSA, LH, FSH, PRL, 
SHBG, and, obviously, total testosterone. The first 
four analytes are aimed at identifying metabolic 
derangements that are often comorbid with ED. The 
last seven analytes are useful in determining the 
existence and the nature of an eventual endocrinopa- 
thy, including hypogonadism. In addition, blood 
count and PSA are useful not only to corroborate the 
diagnosis, but also as a baseline value to monitor the 
efficacy of an eventual T supplementation. 
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CHAPTER 11 


Duplex ultrasonography and its role 
in the assessment of male sexual dysfunction 


Conrad von Stempel and Miles Walkden 
University College Hospital, London, UK 


Introduction 


Ultrasound of the penis is an adjunct to physical exami- 
nation in the investigation of penile disease. It is a 
relatively non-invasive two-part test assessing the penis 
in both the flaccid and erect states. It can demonstrate 
penile structure, vasculature, pathological plaques, and 
anatomical variants. With the addition of Doppler 
spectral tracing it becomes a dynamic tool to assess 
penile vascular physiology, both venous and arterial. 
Measurement of peak blood flow in both the flaccid 
state and sequentially during an evolving erection dem- 
onstrates whether the penile vessels and corpora have 
normal compliance and physiological response. 


Uses of penile Doppler 


Penile Doppler was first formally described in 1985 by 
Lue,' who used a 4.5 MHz linear probe to quantify blood 
flow in the deep and dorsal penile arteries pre- and post- 
intracorporal pharmacostimulation. 

Penile Doppler has a role in the investigation of a 
number of diseases, primarily erectile dysfunction, whilst 
it also has a role in the management of priapism and 
penile trauma, and in presurgical assessment for patients 
undergoing urethral and reconstructive surgery. 


Erectile dysfunction 

Penile Doppler is described in the European Association of 
Urology Guidelines as a second-line, specialist investiga- 
tion indicated after thorough history, examination, and 


biochemistry and endocrine blood tests. It is most 
frequently carried out in assessing men with primary ED 
who have failed oral phosphodiesterase inhibitor therapy.’ 

If during the ultrasound examination the patient 
achieves and maintains a normal erection with pharma- 
costimulant injection, and Doppler examination reveals 
normal vascular physiology, further more invasive 
investigations of vasculogenic causes of ED are unneces- 
sary. This in turn can guide andrology doctors to refer 
patients for a psychological opinion.** 

Severe ED is more common in men with heart disease 
and in those with known classical risk factors: smoking, 
hypertension, hypercholesterolemia, and diabetes. 
Furthermore, men with ED and no prior diagnosis of 
cardiovascular disease have a risk ratio of 1.5 for all car- 
diovascular diseases including stroke, heart disease, and 
peripheral vascular disease when compared to patients 
without ED.’ Vasculogenic ED was also demonstrated in 
a cohort of men who went on to develop angina and 
subsequent proven ischemic heart disease.ć This has led 
ED to be described as a biomarker for cardiovascular 
disease. It is therefore now suggested that if penile 
Doppler demonstrates arterial insufficiency, specifically 
a reduced peak systolic velocity in at-risk patients with 
no previous history of heart disease, they should be 
referred for cardiovascular investigation.”* 


Priapism 

Penile Doppler is not part of the routine management of 
acute priapism although it is the primary imaging inves- 
tigation for differentiating between ischemic and non- 
ischemic priapism.’ In addition, measuring peak systolic 
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flow pre- and post-intervention such as corporal aspira- 
tion and shunt insertion can help guide management 
choices such as early penile implant insertion versus 
conservative treatment.'° 


Penile ultrasonographic anatomy 


The nomenclature for the parts of the penis can some- 
times be confusing, and varied terms are quoted in the 
literature. In particular two common terms are the 
“base” and “root” of the penis. For the sake of clarity in 
this chapter, the penoscrotal junction is taken to mean 
the base and the crura the root. 

The penis is made up of three cylinders of tissue, 
namely the two corpora cavernosa and the corpus 
spongiosum. On ultrasound in the transverse plane the 
corpora cavernosa can be identified as heterogeneous 
circular structures surrounded by a thin echogenic 
layer of tunica with a bright midline septum separating 
them. The thickness of the tunica and therefore pos- 
sible plaques can only be assessed in the tumescent 
state. The corpus spongiosum is visualized as a separate 
slightly brighter oval structure ventral to the cavernosa 
within which the hypoechoic urethra is sometimes 
seen. 

The cavernosal arteries can be identified, even in the 
flaccid state, as tubular structures deep within the 
corporal tissues, the walls of which are hyperechoic 
giving a tram-track appearance. These are more readily 
visible when color Doppler is applied. 

Penile vascular anatomy is extremely variable. The 
penis is supplied on each side by a common penile 
artery, which normally arises from the internal pudendal 
artery, which itself is a branch of the anterior division of 
the internal iliac artery. 

The common penile artery normally has three 
branches: the bulbar, dorsal penile, and cavernosal 
arteries. It is the cavernosal arteries that are the most 
important in erection as they supply blood to the caver- 
nosal sinusoids. They normally enter their respective 
corpora cavernosa at the level of the crura, and it is 
these vessels that should be used to measure blood 
flow. Perforators between the dorsal and cavernosal 
arteries are seen in around 20% of patients, whilst 
accessory cavernosal arteries are seen in around 60% of 
men.'! These accessory cavernosal arteries tend to enter 
the corpora on the dorsal surface at the level of the 


penoscrotal junction. They can sometimes be the main 
supply and should always be looked for if the peak 
systolic velocity (PSV) in the crural cavernosal artery 
is low. 

Cavernosal arterial blood enters branching helicine 
arteries, which supply the sinusoids with blood. The 
sinusoidal venules drain their blood into the subtunical 
venous plexus, which then drains via emissary veins 
that pierce the tunica albuginea surrounding the cor- 
pora. Emissary veins drain dorsally to the deep dorsal, 
laterally to the circumflex, and ventrally to the periure- 
thral veins. 

Beginning at the coronal sulcus, the prominent deep 
dorsal vein is the main venous drainage of the glans 
penis, the corpus spongiosum, and the distal two-thirds 
of the corpora cavernosa. It is this vein that is interro- 
gated during Doppler if a venous leak is suspected from 
the arterial trace. 


Standard operating technique 


Pre-test 

The investigator should take a brief history from the 
patient to determine whether they can ever achieve a 
normal erection and whether the patient has noticed a 
curve or wasting deformity in the erect penis. In addition 
a brief drug and past medical history should be sought 
to ensure there is no contraindication, absolute or 
relative, to intracavernosal injection, such as anticoagu- 
lant use, history of priapism, or condition predisposing 
to priapism such as sickle-cell disease, myeloma, or 
leukemia. 

This information guides targeted ultrasound to look 
for plaques or cavernosal fibrosis and determines the 
dose of intracavernosal drug administered. Patients 
often have experience of intracavernosal injection, 
either in the andrology clinic or self-injection. In our 
practice a patient who achieves near normal erections 
may require as little as 5ug of alprostadil, whilst 
those with severe ED will require significantly 
higher doses. 

Several intracavernosal therapies are available; how- 
ever, the most commonly used monotherapy is a single 
or split dose of 5-40 ug aprostadil into the left or right 
cavernosal corpus, which is effective in approximately 
three-quarters of men with ED.'* Some centers describe 
using intracorporal phentolamine in cases where high 


Duplex ultrasonography and its role in the assessment of male sexual dysfunction 93 


forward end-diastolic flow but normal peak systolic 
velocities are recorded and the patient fails to maintain 
an erection. Phentolamine is an alpha-adrenergic antag- 
inhibits the High 
sympathetic drive in the context of a very anxious 


onist that sympathetic drive. 
patient can lead to the recording of falsely low peak sys- 
tolic velocities and increased end-diastolic flows, and 
the latter may be falsely interpreted as evidence of 
venous leak.” 

A single combination injection with a mixture of 
phentolamine and alprostadil with or without 
papaverine (a non-selective phosphodiesterase inhib- 
itor) is also available. There is evidence that a 
combination single injection can have greater efficacy 
over a monotherapy, but this is not readily available 
in the UK." 

Oral therapy has been used. However, the onset time 
of sildenafil is up to 90 minutes and, given the busy 
unpredictable nature of ultrasound clinics, the faster, 
more predictable injection is preferred. In addition a 
large proportion of the patients referred for penile 
Doppler have failed or have had inadequate responses 
to oral therapy.’* 

Other techniques have been advocated including use 
of audiovisual sexual media, vibrotactile devices, and 
manual self-stimulation.'’® When combined with intra- 
cavernosal injection, manual self-stimulation has been 
shown to achieve a higher rate of more rigid erections, 
providing a better representation of the patient’s erec- 
tions outside of the clinical environment." 

Before starting scanning, the investigator, or accom- 
panying urologist, should explain that the test will 
involve scanning the underside of the penis and in bet- 
ween the legs for up to 30 minutes, initially in the flac- 
cid state and then during erection. 

The need for intracorporal injection and the risk of 
priapism should be carefully explained. The risk of pria- 
pism is usually quoted at around 1%. The patient should 
be made aware that he can try and alleviate the erection 
by ejaculation, cold water exposure, or exercise with 
the caveat that if this does not work within 3 hours of 
the injection they should return to hospital for possible 
intervention. Intervention normally takes the form of 
corporal aspiration with a 19-G needle and occasionally 
intracavernosal injection of phenylephrine, adminis- 
tered if aspiration fails.” 

The patient should receive a physical information 
sheet, which documents the dose administered, site and 


time of injection, and where to present in case of com- 

plications post-examination. 

Lastly, the investigator should explain that the aim of 
the test is to assess the erectile tissues and the changes in 
blood flow to the penis during erection. The vascular 
physiology of erection can be simplified when explain- 
ing to patients with the analogy of a filling bath: 
“In order to fill with water, the taps need to be fully on 
(cavernosal arteries) and the plug in place (venous out- 
flow occlusion as the sinusoids engorge).” 

The patient should be naked from the waist down and 
lying supine with their legs slightly apart to allow 
scanning of the crura. The initial examination should be 
made using high resolution B-mode (gray scale) on the 
flaccid penis. Historically the dorsal surface was scanned 
with a low-frequency (5-8MHz) transducer. Today, 
with the advent of higher resolution transducers, the 
authors recommend ventral scanning for a number of 
reasons: 

1 It is imperative to sample the most proximal, widest 
point on any vessel to record a representative flow 
reading. There is a steep negative gradient in the peak 
systolic flow of the cavernosal artery proximally to 
distally, as the helicine branches arise and the vessel 
tapers. 

2 Arterial sampling at the crus allows accurate repeated 
sampling compared to the rather arbitrary “level of 
the penoscrotal junction” used in some papers. 

3 At this site the vessel is least likely to be deformed by 
pressure exerted by the probe.'*? 

4 Maximum Doppler signal is received from blood 
flowing in a vessel at 0° to the transducer (optimum 
angle of insonation), and a wide range of peak sys- 
tolic velocities can be erroneously recorded from the 
same vessel if measured at different angles of 
insonation.*° At the level of the crus as the cavernosal 
arteries pierce through the tunica, an optimum angle 
of insonation can be achieved, negating the need for 
excessive angle correction, which reduces the accu- 
racy of recording.” 

The cavernosal arteries have variable anatomy 
with multiple accessory vessels. These accessory ves- 
sels are sometimes but not always the dominant 
supply. It is therefore imperative that measurements 
are taken from both the crura and penoscrotal 
junction (where these accessory vessels are best seen) 
so that an erroneously low reading is not recorded 
(Figure 11.1). 
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Longitudinal image of the penis at the level of the 
penoscrotal junction (evident by the slight dorsal curvature of 
the penis) showing an accessory cavernosal artery that, in this 
patient, forms the dominant supply to the penis (red arrow). 
This was discovered after abnormally low values for peak 
systolic velocity (PSV) were seen at the level of the crura in 
the setting of a normal erection, illustrating the importance of 
looking for accessory vessels. Also visible (white arrow) is the 
dorsal artery, which lies outside of the tunica. 


Scan the penis initially in the flaccid state. With the 
probe longitudinally and slightly obliqued, line the 
transducer up along each crus in turn. Identify where 
each cavernosal artery enters the crus. This will be the 
reference point to measure flow in subsequent time 
points. It is good practice to measure the peak systolic 
flow in each cavernosal artery. 

In 2008 Corona et al. suggested that measurements of 
peak systolic velocity in the cavernosal arteries of less 
than 13cm/s in the flaccid penis predict arterial insuffi- 
ciency on dynamic scanning in 80% of cases from a 
cohort of over 1000 middle-aged men (45-65 years 
old). Mancini et al., 8 years previously, demonstrated 
that a PSV of greater than 12.5 cm/s in the flaccid penis 
predicted a normal PSV and normal arterial flow 
acceleration in the tumescent penis in over 90% of their 
cohort of over 100 participants. In our practice we regu- 
larly record a PSV of greater than 25cm/s in the flaccid 
state, and further studies are needed to evaluate the cor- 
relation between blood flow in the flaccid and erect 
state.?*? 

Next, with the transducer transverse and starting at 
the glans, sweep proximally along the shaft looking 
carefully for any calcified tunical plaques. Focal irregu- 
larities in the tunica and waisting can be better seen in 
the erect penis. At the penoscrotal junction scan from 


(b) 


a) Axial image of the flaccid penis at the midshaft 
level immediately following intracorporal injection of alprostadil 
showing increased echogenic material within the corporal tissue 
close to the ventral tunica. This should not be confused with 
calcified plaque, and reinforces the importance of scanning 
preinjection. b) Axial image of the same patient at the same level 
15 minutes later demonstrating almost complete dispersal of the 
drug (scattered echogenic foci in the left corpus are all that remain). 


the undersurface of the scrotum at the penoscrotal 
junction proximally following each crus to its insertion. 

In the assessment of ED and in planning penile surgery, 
the pharmacostimulation should then be administered. 
As the tunical septum is semipermeable, the drug can 
cross the midline into the contralateral corpus. The 
exception to this is in extrophy patients where the crura 
are completely separate and require individual injection. 

It is important to ultrasound the injection site (a 
stream of echogenic bubbles can be identified in the 
corporal tissue), as incorrect placement will reduce the 
efficacy of the dose and can lead to the misdiagnosis of 
arterial insufficiency (Figure 11.2). 

Formal Doppler interrogation of the cavernosal 
arteries consists of sequential sampling in a fixed loca- 
tion on the cavernosal artery on each side. There is no 
consensus in the literature as to when to commence 
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arterial flow measurements, and there is a slight trade- 
off between continuous scanning, which can be awk- 
ward for the patient, and interval scanning, which can 
potentially miss the highest peak systolic velocity. 
Sampling in each cavernosal artery should begin 2 min- 
utes after injection. It is then reasonable to scan at 5-minute 
intervals until full rigidity with either a diastolic flow of less 
than 5cm/s or reverse flow is achieved, or for up to a 
maximum of 30 minutes if there is a limited response.”***”? 
The peak systolic velocity normally is reached after 5-6 
minutes but in approximately a quarter of patients who 
will respond to alprostadil there can be a substantial lag, 
necessitating scanning up to 30 minutes after injection 


Acute priapism 

In cases of acute priapism, the same systematic approach 
should be taken to ultrasound, with the exception of 
omitting the pharmacostimulation injection. The ultra- 
sound report should document the state of tumescence, 
duration of priapism, and any prior interventions. Flow 
within the cavernosal arteries as well as the appearance 
of the cavernosal tissues should be assessed. 


Findings 


B-mode ultrasound 
B-mode (gray-scale) ultrasound is normal in the vast 
majority of patients with erectile dysfunction. It can, 
however, demonstrate the stigmata of Peyronie’s dis- 
ease: plaques, penile wasting, and corporal fibrosis. 
Ultrasound is less sensitive than MRI in demonstrating 
early plaque formation but, in contrast, ultrasound 
readily shows calcification within plaques, something 
MRI cannot reliably do.**?” This impacts on the 
management of Peyronie’s disease as calcium deposition 
is a hallmark of chronicity. It has been suggested that in 
patients with particularly large plaques and/or caverno- 
sal fibrosis there is an increased incidence of arterial 
insufficiency and veno-occlusive failure.?® 

Cavernosal fibrosis can be identified as coarsened, 
usually hyperechoic, heterogeneous regions within the 
corpora, often accompanied by reduced blood flow on 
color Doppler. This can be seen in both subacute and 
disease 


chronic priapism as well as 
(Figure 11.3). 


Peyronie’s 


Figure 11.3 a-f Clockwise from top left. a) Longitudinal and b) axial: B-mode ultrasound of the distal penis showing a classical 
appearing non-calcified plaque on the dorsal tunical surface that appears as a focus of thickening (defined by the calipers). 

c) Longitudinal view of the midshaft showing a dorsal curvature cause by a non-calcified plaque (defined by arrows). d) Axial 
view of the midshaft demonstrating fibrosis of the right corpus cavernosum as shown by the reduced caliber compared to the left 
and the focus of increased echogenicity. e) Longitudinal view of the midshaft showing marked wasting of the corpus caused by a 
combination of tunica plaque and intracorporal fibrosis. f) Axial ultrasound of the midshaft showing two adjacent calcified plaques 
with post-acoustic shadowing involving the ventral tunica and septum (defined by calipers 1 and 2). 
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Vascular findings in the normal penis 

and in ED 

In the unstimulated penis, there is high tone in the 
sinusoidal smooth muscle allowing limited inflow. With 
initiation of erection, parasympathetic drive via the 
pudendal nerves floods the sinusoids with nitric oxide. 
This quickly reduces the vascular resistance and results 
in rapid filling of the sinusoids. As the sinusoids engorge 
they compress their exiting venules creating a high 
arterial inflow, low venous outflow system. As the 
intracorporal pressure rises and it nears the systolic 
blood pressure, the inflow pressure plateaus then begins 
to drop. 


Phase 1 
Initial high resistance, 
low flow, arterial waveform 


Phase 2 

PS and ED velocities elevate 
with increased arterial 
compliance 

(2-5 min post-injection) 


Phase 3 

Progressive reduction in EDV 
with tumescence and 
cavernosal filling, obstructing 
emissary veins. 

PSV at maximum 


Phase 4 

EDV reaches zero or reverses as 
intracavernosal pressure 
exceeds diastolic pressure. 

PSV at maximum 


Phase 5 

Intracavernosal pressure 
equals and then exceeds 
systolic pressure resulting in a 
reduced PSV and narrowed 
peak. (note EDV now reversed) 


The phases of a normal erection can be quantified 
with spectral tracing of the Doppler signal of the caver- 
nosal arteries (Figure 11.4). 

Historically the most useful parameters in assessment 
of ED are the peak systolic velocity (PSV), end-diastolic 
velocity (EDV), and resistive index (RI). Modern 
approaches have included measurements of flow in the 
dorsal vein and the caliber change and undulation of 
cavernosal arteries. 

Flow above 35cm/s in the cavernosal arteries is 
widely accepted as equating to normal arterial flow, 
whereas flow of less than 25 cm/s is suggestive of arterial 
insufficiency with a sensitivity of 100% and specificity 


Figure 11.4 Waveforms. ED, end diastole; EDV, end-diastolic velocity; PS, peak systole; PSV, peak systolic velocity. 
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of 95%.” Intermediate values, between 25 and 35cm/s, 
are not specific.*! 

A potential pitfall with these cut-off values is that 
they were calculated by Doppler correlation with arte- 
riographic findings where the investigators identified 
overt stenosis. Vasculogenic ED is more likely due to a 
systemic, age-related process of endothelial dysfunction 
in the small helicine and cavernosal vessels, which is 
not factored into the current cut-off values.’ An age- 
matched algorithm has been suggested, which multi- 
plies age and PSV by a coefficient and promises to detect 
earlier stages of vascular insufficiency compared to 
current parameters; however, this has yet to be further 
evaluated.** 

The peak systolic values should be compared between 
the cavernosal artery on each side as at a given time- 
point a discrepancy of more than 20% is suggestive of 
arterial insufficiency.” It is important, however, to iden- 
tify any accessory vessels so as not to overdiagnose a 
deficient cavernosal artery on one side. 

End-diastolic velocity is an indirect measure of intra- 
corporal compliance and effective venous occlusion. As 
the pressure increases in the cavernosal sinusoids and 
equals diastolic pressure, the curve changes morphology 
and EDV steadily decreases and eventually equals zero. 
End-diastolic reversal can be seen as the intracavernosal 
pressure exceeds diastolic pressure. Lack of progression 
of EDV reduction with sequential scanning during erec- 
tion is suggestive of veno-occlusive dysfunction*® 
(Figure 11.5). 

An EDV exceeding 5cm/s is indicative of veno-occlu- 
sive dysfunction (VOD), although this is a normal find- 
ing in the early phases of erection.*” Continuous high 
flow in the dorsal penile veins and any other venous 
shunting can be assessed, which in combination with an 
increased EDV may help in the diagnosis of VOD.” In 
the presence of arterial insufficiency, EDV cannot be 
reliably used to detect VOD. In the anxious patient, as 
previously mentioned, sympathetic drive can lead to 
increased diastolic flow incorrectly suggesting VOD. 

It has been suggested that a RI of less than 0.75, 
a function of both PSV and EDV calculated as 
RI=(PSV—EDV)/PSV, can predict veno-occlusive dis- 
ease in 95% of cases.’ Other measurable variables that 
have been postulated as predictors of vasculogenic ED 
include degree of cavernosal artery tortuosity.” The cal- 
iber of cavernosal arteries is not thought to be a reliable 
variable as elasticity of vessels changes with remodeling 


and atherosclerosis with age, and there is a poor corre- 
lation between diameter change and rigidity.” 


Vascular findings in priapism 

In ischemic priapism with low flow in the cavernosal 
arteries, spectral trace reveals both a low PSV and low or 
absent EDV. These cases can be managed by immediate 
penile implantation, which preserves penile length and 
reduces complications of implant placement.’ 

There is an interesting subgroup of men with ischemic 
priapism who demonstrate high cavernosal artery PSV 
(up to 2m/s in some cases) but importantly have a neg- 
ative EDV indicating high resistance, and therefore neg- 
ligible corporal perfusion. These cases need to be 
distinguished from high flow priapism (a non-ischemic 
pathology), and it is the end-diastolic velocity that is key 
to this difference.” 

In non-ischemic priapism there is a low-resistance 
flow pattern with an elevated PSV and high EDV. 
Ultrasound demonstrates fistulae as areas of turbulent 
flow on color Doppler. Penile Doppler has an excellent 
sensitivity for A-V fistulae approaching 100%." In these 
cases referral for internal pudendal artery angiography 
with selective catheterization and embolization is the 
gold-standard treatment’ (Figure 11.6). 

The advent of oral therapies has significantly improved 
the treatment of ED, and the vast majority of patients 
respond to such treatments and require no further 
investigation.” The role of penile Doppler in ED is 
therefore limited to patients who have failed a trial of 
oral therapy, and to a select group of mainly young men 
for whom a possible traumatic or congenital vascular 
abnormality is suspected. 

There are, however, a number of problems with the 
test. The first and most important is that we rely on data 
obtained 20 years ago, performed using old ultrasound 
equipment on non-age-matched patients, for our cut- 
off values for abnormal and normal flow. We accept that 
a PSV of just above 35cm/s in a 65-year-old man is 
probably within a normal range but for a younger man 
it would be logical that a normal value would be signif- 
icantly higher. Age-matched normograms are required 
in order to more accurately diagnose arterial 
insufficiency. 

The second problem is the artificial nature of the test 
with the likely sympathetic overlay no doubt seen in a 
large proportion of men. This has an effect on the veno- 
occlusive mechanism, and therefore the diagnosis of 


98 Chapter 11 


Figure 11.5 a) Longitudinal view of the cavernosal artery 30 minutes post-injection of alprostadil showing a normal peak systolic 
velocity (97 cm/s) but with sustained, high end-diastolic velocity of 30 cm/s (low resistance) suggestive of veno-occlusive 
dysfunction. The patient had 70% tumescence. b) Cavernosography in the same patient revealed early filling of the periprostatic 


plexus and pelvic veins consistent with a venous leak. 


VOD on Doppler should be made with caution. In 
addition VOD cannot be identified in the presence of 
arterial insufficiency. 

Lastly the result of any test should affect management 
of the patient. In the case of both arterial insufficiency 
and VOD no particularly successful treatment is cur- 
rently available. 

Arterial insufficiency in a subgroup of young men 
who have ED secondary to a traumatic arterial lesion 


may be treated by revascularization. Epigastric to dorsal 
penile artery anastomosis surgery is associated with the 
best results but is very complex surgery not recom- 
mended for routine use in patients with atherosclerosis. 
Furthermore, vein resection surgery for veno-occlusive 
disease has poor results and is no longer advised.**°*” 
In the older patient no routine treatments are offered 
but endovascular treatment options such as drug eluting 
stents are currently being assessed.** It may well be that 
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(b) 


(9 


a) Longitudinal view of the penis at the penoscrotal junction showing a large fistula between the main cavernosal artery 
and the venous sinusoids as demonstrated by a focal area of turbulent flow in the corporal substance. Spectral trace shows both high 
peak systolic and high end-diastolic velocities consistent with a low resistance pattern seen in non-ischemic priapism. b) Longitudinal 
view at the level of the penoscrotal junction demonstrating the classically described ischemic waveform, which is low flow and high 
resistance. The calipers are positioned over the main cavernosal artery. The expanded corpora indicate tumescence, and the 
heterogeneity suggests early fibrosis. c) Longitudinal view of the penis in a second patient with ischemic priapism. This demonstrates 
very high peak systolic velocity (1.5 m/s) but crucially there is reversed flow in diastole, which clearly distinguishes it from both the 
high-flow, low-resistance waveform in image a (non-ischemic priapism) and image b (classical ischemic priapism). 


the underlying problem is at the helicine endothelial 
level rather than stenosis in the larger proximal arteries. 

Doppler in priapism is very useful and probably 
significantly under-used currently due to lack of evidence 
and research. There is no question it can differentiate 
between ischemic and non-ischemic priapism. The 
authors also postulate that it can be used to guide 
treatment of ischemic priapism. Two different waveforms 
have been noted, which are probably just different ends 
of the spectrum of evolution of the priapism. The first 


and most commonly described is a low-flow high- 
resistance waveform that likely indicates severe ischemia 
with little chance of reversal. The second is a high-flow 
high-resistance waveform (with reverse flow in diastole). 
This flow is similar to that seen in a normal erection and 
likely represents the early/less severe form of ischemia. 

Penile Doppler is an excellent modality for assessing 
the vascular physiological response in erection. It also 
allows probably the best spatial resolution of the penile 
structures of any imaging modality. 
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MRI in men with sexual dysfunction 


Alex Kirkham 
University College Hospital, London, UK 


Introduction 


Because most of the penis is readily examined both 
clinically and with ultrasound, MRI has a limited role 
compared to these simple and less expensive tests. 
Nevertheless, there are areas in which the combination 
of excellent soft tissue contrast and moderate resolution 
(with a carefully set up protocol) means that MRI is a 
useful — and in some cases first-line — investigation. 

The one area in which MRI is of very limited utility 
is in the diagnosis of simple erectile dysfunction: 
ultrasound with pharmacological stimulation provides 
information about blood flow,' and is used together 
with the clinical response to stimulation and mea- 
surement of nocturnal penile tumescence. In cases 
where angiography is required, MRI is some way from 
providing adequate resolution of the internal pudendal 
vessels and their branches, though it can be used to 
identify men with “polyvascular” disease. 

We will therefore address four main areas in this 
chapter: (i) the diagnosis of penile fracture, which if 
missed can cause significant erectile dysfunction; 
(ii) the imaging of fibrosis and in particular Peyronie’s 
disease; (iii) the imaging of priapism; and (iv) the 
utility of MRI in the problematic penile implant. Before 
addressing each of these subjects we will address the 
protocols used for scanning, and normal radiological 
anatomy. 


Scanning protocol and 
radiological anatomy 


Pharmacological stimulation 

Prostaglandin E, (PGE,; alprostadil) is routinely used to 
produce tumescence for the scan, as it greatly improves 
views of the whole penis. As well as improving spatial 
resolution and the contrast between tumescent corpora 
and their fibrous surroundings, it also aids positioning in 
the anatomical plane. 

The risk of priapism with alprostadil is low in erectile 
dysfunction,’ but it may be higher in men with normal 
erectile function — occurring in 1 out of 10 in one small 
series.* We err towards low doses (5pug in young men 
with normal function, 10,1g in most, and 20 pug in men 
with established erectile dysfunction and previous 
exposure to alprostadil) because the aim is to achieve 
distension of the corpora for the scan rather than full 
tumescence. The treatment of any resulting priapism is 
covered elsewhere and is likely to be successful if initiated 
less than 4h after injection.’ 


Positioning 

Interpretation is greatly aided by positioning the penis in 
the midline. We let it lie on the lower abdominal wall: 
the disadvantage of some respiratory movement (usually 
small) is outweighed by a relatively fixed position 
throughout the scan. Tape may be used to secure, but it 
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is sometimes better just to use some small bolsters on 
either side of the midline, as pressure on the corpus 
spongiosum easily compresses it and obscures fibrosis or 
urethral pathology within it. 


Sequences (Table 12.1) 

The mainstay of imaging the penis is high-resolution 
(ideally 
3mm) T2-weighted images in three orthogonal planes. 


(in-plane resolution 0.7-l1mm), thin-slice 


An adequate signal-to-noise ratio can be achieved using 
these parameters on all modern 1.5T machines, and 
they may be exceeded at 3T. 

On T2-weighted sequences the corpus spongiosum 
(including the glans) and the corpora cavernosa are of 
high T2 signal (although there may be layering effects in 
tumescence giving areas of subtly different signal).° 
They are surrounded by a low T2 signal band, thickest 
around the corpora cavernosa, consisting of an inner 
layer of tunica albuginea and an outer layer of Buck’s 
fascia. In some patients these two layers can be distin- 
guished separately, particularly at the dorsum where the 
deep dorsal vein runs between them, but in general the 
distinction is hard to make.ć The superficial dorsal vein 
is usually well seen, and lies superficial to Buck’s fascia. 
The intracavernosal septum is low in T2 signal and usu- 
ally shows characteristic “corrugations” (Figure 12.1). 

The ischiocavernosus and bulbocavernosus muscles 
are particularly well seen on coronal images as low T2 
structures. The urethra is usually seen as a subtly low 
signal slit, and foci of urethral thickening are seen at 
moderately high resolution (though considerably less 
than on ultrasound). Arteries are seen as low signal flow 
voids on T2, and the cavernosal arteries are usually easily 
distinguished (with the arterial anatomy variable and 
more than one artery commonly seen on each side’*). 


It is probably best to spend time preparing the patient 
(and in particular ensuring tumescence) instead of 
performing a large number of sequences, and in many 
cases (Peyronie’s, the assessment of tumors, and some 
cases of fracture) the T2 images in three orthogonal 
planes suffice. Other sequences are useful in specific 
scenarios, as follows: 

e Tl sequences: There are two scenarios in which T1 
sequences (without enhancement) are likely to be 
useful. The first is thrombosis of the dorsal vein 
(Mondor’s disease), where the vessel may be of 
conspicuously high signal (and some groups have 
gone on to use MR angiographic sequences to 
detect a filling defect’). The second is fracture, 

where T1 sequences may demonstrate hemorrhage, 

and in some rare cases reveal a fracture defect not 
seen on T2.'° 


Contrast: While the vessels are visible on T2 sequences, 
enhancement is necessary to assess their patency, and 
is particularly useful in priapism. The normal corpora 
cavernosa enhance from proximal to distal, and from 
around the cavernosal arteries to peripherally. We 
perform T1 spin echo sequences in one plane (usu- 
ally coronal), followed by dynamic gradient echo 
sequences in another, with a 30s time resolution for at 
least 2 minutes. In priapism it is important to wait long 
enough for slow but intact perfusion to opacify the 
corpora cavernosa to assess likely tissue viability: at 
least 5 minutes after injection, and ideally 10 minutes, 
when we perform a spin echo sequence with exactly 
the same parameters as pre-contrast. The use of 
enhancement in Peyronie’s and to assess penile 
implants is more speculative and will be discussed in 
the relevant sections; it is probably not useful in penile 
fracture (though this is debated’*!’). 


Table 12.1 Common MR sequences used in imaging the penis. 


Sequence Indication In-plane resolution Slice thickness 
T2 spin echo Routine 0.7-0.9mm 3mm 

Ax, Cor, Sag 

STIR? Infections (including implants) 1mm 4mm 

T1 Fracture, priapism 0.8-1 mm 3mm 

T1 post-contrast Priapism 0.8-1 mm 3mm 

Dynamic Priapism; use in penile fracture, Peyronie's disease, <1-1.2mm, time 3mm 
enhancement and infected implants is debated resolution <30s 


STIR, short tau inversion recovery. 
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(a) 


Figure 12.1 a) T2 sagittal and b) T1 post-contrast images in a man with low-flow priapism. Note in a) the normal corrugations 
(short white arrow) and the normal urethra (black arrow). Also, Buck’s fascia (long white arrow) is seen as a slightly higher signal 
layer than the adjacent (deeper) tunica albuginea. The T2 image shows low signal in the corpus cavernosum proximally, and high 
signal distally, but this does not correlate with the degree of infarction. For this, the post-contrast image b) obtained at 8 min is 
necessary: it shows generally no enhancement in the corpora cavernosa (long arrows), except around the proximal cavernosal 


arteries (short white arrows). The patient went on to have a penile implant the same week, with a good functional outcome. 


e STIR/T2 fat saturated sequences: These show edema 
well, and may be useful for detecting inflammation 
(in particular when inflammation of an implant is 
suspected), although it can be difficult to distinguish 
low-level inflammation from normal postoperative 
appearances. 


Penile fracture 


Penile fracture is defined as a traumatic breach of the 
tunica albuginea, usually occurring with trauma to the 
tumescent penis,'* and associated with the sensation of 
a “crack” and rapid detumescence with bruising. 

In some cases, the defect of a penile fracture is palpable, 
but often it is obscured by bruising and hemorrhage 
(in particular because the majority of fractures are 
proximal).'? For this reason, when there is clinical 
suspicion of a fracture, surgical exploration is usually 
performed with a relatively extensive (in some cases 
“degloving”) approach, to locate the fracture or confi- 
dently exclude it.'*’> This operation may result in 
significant morbidity,'® but is worthwhile because con- 
servative treatment almost certainly results in a higher 
rate of long-term sexual dysfunction.'”'* Imaging would 
ideally (i) detect fracture with high sensitivity (and 
could therefore be used to rule it out in equivocal cases), 


and (ii) be used to plan the surgical approach and render 
the operation as minimally invasive as possible. 

The first studies for fracture used cavernosography,’” 
which has been superseded (it is not sufficiently accu- 
rate and is painful compared to the alternatives), and 
then ultrasound. The latter does diagnose the majority 
of fractures, and has the advantage that marking of the 
fracture site is straightforward.*° However, there are 
limited data (in particular one small study of four 
patients) suggesting that MRI is more sensitive:?! 
although ultrasound is of high spatial resolution, the 
heterogeneous tissue signal after a fracture can make it 
challenging to define the tunica albuginea. On MRI the 
margins of the low-signal tunica are usually better seen, 
even in the presence of edema and hematoma, and in 
one study MRI identified the fracture in all 13 patients 
in whom it was confirmed at operation.” Some groups 
advocate routine use of Tl sequences (in one small 
study identifying several fractures missed on T2"), and 
it adds little to the scan time, so should probably be used 
routinely. Whether intravenous contrast is necessary is 
more contentious; some reports suggest that it may help 
to define the margins of the defect, and others that there 
may be an early contrast blush after an acute fracture,’° 
but the extra information is unlikely to alter the diag- 
nosis and routine use of contrast is not currently justi- 
fied by the data. 
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MRI may also be useful in making the diagnosis of 
other pathologies that mimic fracture. With intracaver- 
nosal hematoma,'*”? the identification of a focus of 
altered signal within the corpus cavernosum (some- 
times better seen after contrast administration) with an 
intact tunica allows conservative management (the 
symptoms are normally self-limiting). Similarly, MRI 
after rupture of a superficial vein (which is a common 
mimic of fracture?) shows hematoma but an intact 
tunica, and resolves without consequences.” 

It is important to examine the corpus spongiosum, 
because fracture is associated with a urethral injury in 
around one-quarter of patients.'° In some patients the MRI 
strongly suggests a urethral injury, but with the clinical 
finding of blood at the meatus, contrast urethrography 
remains the definitive (and simplest) investigation.” 

The approach to suspected fracture should first involve 
examination: if the defect is palpable imaging is deemed 
unnecessary. Next, ultrasound if convincingly positive 
(some studies have shown false positives, and the tech- 
nique is undoubtedly operator-dependent, so equivocal 
findings are probably not reliable) allows marking of the 
defect and is sufficient. However, in equivocal cases MRI 
is currently the most accurate imaging modality and a 
diagnostic scan can be obtained in 15—20minutes. 


Priapism 


The distinction between high-flow priapism (perfused 
corpora, often without pain, and sometimes post-trau- 
matic) and low-flow (painful ischemia of the tumescent 
penis) can usually be made clinically and with the aid of 

blood gases. This is covered in detail in Chapter 20. 

In most cases ultrasound is the primary radiological 
investigation. In high-flow priapism it is an excellent tool 
for the identification of high-volume, low-resistance, often 
chaotic flow characteristic of a pseudoaneurysm.”* Such 
findings will often prompt conservative management or 
angiography and embolization. MRI in most cases shows 
some characteristic findings: 

e a heterogeneous focus of signal void from high flow 
in the pseudoaneurysm, and sometimes prominent 
feeding arteries or draining veins; 

e an early blush of enhancement on the dynamic 
images.**?° 

Neither is as definitive as the Doppler ultrasound 

finding, however: in particular, the interpretation of 


cavernosal enhancement on early images can be 
challenging. 

In low flow, ultrasound may give some indication of the 
degree of corporal blood flow. However, as in the case of 
most soft tissue tumors, Doppler is not sensitive enough to 
assess perfusion, and in particular the absence of visible 
flow is (i) operator-dependent, and (ii) does not imply that 
the tissue is not viable. In addition, ultrasound findings 
can be difficult to interpret in states that have elements of 
low and high flow: in particular, sickle-cell disease and 
after successful shunting for low-flow priapism. 

MRI is probably the best tool we have for deter- 
mining degree of infarction of the penis in low-flow 
priapism” (see Figure 12.1). It is important to perform 
both dynamic sequences to assess the vessels, and a 
delayed (we use a spin echo sequence, but gradient 
echo would suffice) sequence by at least 5 minutes (and 
ideally also 10 minutes) to assess corporal enhance- 
ment. The degree of infarction correlates well with both 
the blood gas and ultrasound findings, and in one 
paper non-enhancement on MRI predicted non- 
viable smooth muscle at histology in 10/10 patients.” 
In addition, all five patients with generally enhancing 
corpora cavernosa regained erectile function.” The 
result is important because it may affect management: 
there is good evidence that complete or almost complete 
non-enhancement after attempts at shunting has a 
poor functional outcome, and that early (acute) 
placement of a prosthesis may be optimal, before 
fibrosis has started to occur.” 

MRI also demonstrates the much rarer unilateral 
or partial thrombosis,” and in cases of malignant 
priapism is usually diagnostic, with an irregular texture 
to the corpora on T2, and often peripheral (rather than 
periarterial) or distal early enhancement.”* 


Fibrosis and Peyronie’s disease 


Peyronie’s plaques usually occur in the dependent part 
of the penis, and most are palpable.” For imaging (both 
ultrasound and MRI), stimulation with prostaglandin is 
extremely useful, stretching the tunica and distending 
the corpora cavernosa. The added benefit is that any 
resulting deformity can be documented and the images 
used for surgical planning. 

On ultrasound Peyronie’s plaques in the tunica are seen 
as areas of thickening, and if calcified are hyperechoic, 
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with shadowing. Intracavernosal plaques are usually seen 
as irregular echogenic, non-shadowing foci, though it is 
important to emphasize that scattered thin strands across 
the distal half of each corpus cavernosum are a common, 
normal finding on both ultrasound and MRI. 

On MRI fibrosis is low signal on both Tl and T2 
sequences, and plaques (including those that are calci- 
fied) appear as foci of low signal thickening in the tunica 
and low signal in the corpora cavernosa. Calcification is 
almost impossible to delineate on MRI because it creates 
a signal void similar to fibrosis.” Scanning in three 
orthogonal planes with the penis well positioned allows 
assessment of angulation and of variations in caliber 
(which are common?'). 

One study has compared ultrasound and MRI for the 
assessment of palpable plaques, and found that (i) MRI 
detected a few more (58/93 vs 52/93) palpable plaques 
than ultrasound, and (ii) MRI detected eight plaques 
that were too proximal to be detected by ultrasound. 
On the other hand, ultrasound identified calcification 
in 14 plaques that could not be specifically identified on 
MRI.*° 

One final benefit of MRI may be in the assessment of 
enhancement. Many urologists would not operate on 
patients who have symptoms of active disease (in 
particular pain) because ongoing fibrosis formation and 
deformity can prejudice the surgical outcome.” An 
attractive hypothesis is that if Peyronie’s disease repre- 
sents an abnormal response to minor injuries, then the 
inflammatory component of active disease might be seen 
as enhancement on MRI (between 9%” and 35%” of 
plaques are associated with early enhancement). For now, 
however, this hypothesis remains unproven, and it is 
interesting that in a recent series none of the eight patients 
who had pain showed any plaque enhancement.” 

A degree of fibrosis at the site of injury is to be 
expected after penile fracture (and indeed around 90% 
of patients have a palpable “nodule” at the site post- 
operatively’), and there are other causes of intracaver- 
nosal fibrosis — in particular priapism and regular use of 
intracavernosal agents, though this is debated.* In all of 
these cases ultrasound may suffice but is probably not 
definitive: fibrosis appears echogenic within the corpora 
in ultrasound, but the soft tissue contrast is better on 
MRI, and scanning in three planes provides a more 
reproducible assessment of deformity (both angulation 
and change in caliber). We use MRI routinely in this 
context. 


Penile implants 


All current inflatable penile implants are safe in 1.5T 

machines. Two malleable prostheses (OmniPhase 

and DuraPhase: Dacomed, Minneapolis, MN) show 
significant deflection of their metal components in 1.5T 
magnets and should not be scanned. 

The fluid within inflatable prostheses means that they 
are well delineated on T2 and STIR sequences. We scan 
with the implant inflated where possible, and take 
particular care in positioning: it is easy to produce arte- 
factual “kinking” at the base of the pendulous part with 
over-zealous taping to the abdominal wall, and we usu- 
ally use just bolsters on each side. 

Several causes of malfunctioning penile implant can 
be difficult to diagnose clinically, but are well seen on 
MRI: 

e crossover (two inflatable parts lying in one corpus 
cavernosum for part of their length) (Figure 12.2); 

e kinking from overlong cavernosal components 
(relatively common, a potent cause of pain and often 
hard to diagnose clinically*’); 

e aneurysmal dilatation;*® 
e distal flaccidity from too short components. 
These are all well demonstrated. In one study of 14 
patients with a painful prosthesis, all showed an abnor- 
mality on MRI but in only five was the cause apparent 
clinically.’ Too short a prosthesis needs to be distin- 
guished from the “floppy glans” or supersonic trans- 
former deformity,” which is best diagnosed clinically or 
with ultrasound, when the movement of the different 
soft tissue structures can be assessed dynamically. 

Fluid around the prosthesis can have several causes. 
In the immediate postoperative period it is common to 
have either hematoma or a little serous fluid, which 
may persist for several months (with some moderate 
surrounding edema on STIR sequences also common). 
Prosthesis infection is fairly uncommon (1-5% of virgin 
implants, though higher for revisions**) but can occur 
within weeks, and also causes periprosthetic fluid and 
edema, seen in particular on STIR sequences.” The 
difference between the benign early reactive changes 
and infection is one of degree, and there are no pub- 
lished data on the performance of MRI in this context 
compared to clinical and biochemical findings. We sus- 
pect that in cases where the infection is advanced 
enough to cause definitive findings on MRI it will be 
apparent clinically too. Finally, rupture of the prosthesis 
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(a) 


(b) 


Figure 12.2 a) T2 axial and b) sagittal images of a penile implant. a) This shows the two cavernosal components (long white 
arrows) lying in the left corpus cavernosum (true crossover). Note the periarterial post-priapism fibrosis in the right corpus 
cavernosum (black arrow) and the normal urethra (short white arrow). The sagittal image in b) shows a “kink” at the point where 
the right cavernosal component crosses over to the left (long white arrow). 


can lead to the finding of fluid outside it, persisting par- 


ticularly if a fibrous capsule has developed. The key in 


this scenario is the finding of a partially or completely 
deflated reservoir balloon. 


Other conditions 


The role of MRI in penile cancer is debated, and is 


outside the remit of this chapter, but there are several 


review articles summarizing the data.*°*! In patients 


with congenital abnormalities, MRI can be very useful 


(with or without alprostadil) for delineating the size and 


anatomical relationships of the corpora. 
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CHAPTER 13 


The metabolic syndrome and ED 


Mark Paulos and Martin Miner 
Brown University, Providence, RI, USA 


Introduction 


Erectile dysfunction (ED), defined as the inability to 
maintain and achieve an erection sufficient for satisfac- 
tory intercourse, has a high prevalence and incidence 
worldwide.' A systematic review of epidemiological evi- 
dence undertaken in 2002 showed a clear increase in 
prevalence with advancing age, with rates for men 
younger than 40 years ranging from approximately 2% 
to 9%, compared with 18% to 86% for those older than 
80 years.” Although not life-threatening, it may be a pre- 
cursor or marker of more serious conditions, particularly 
coronary artery disease (CAD). Inman et al.* have shown 
that when ED occurs in younger men, it is associated 
with a marked increase in the risk of future cardiac 
events, and that overall ED may be associated with an 
approximately 80% higher risk of subsequent CAD. 
Sexual function is a complex, multifactorial process. 
The development of ED is attributable to both psycho- 
genic factors and physiological alterations in neural, 
vascular, hormonal, and metabolic perturbations, all 
mediated through endothelial and smooth muscle 
dysfunction. While this cascade of metabolic parameters 
can lead to early endothelial dysfunction and, eventually, 
late cardiovascular events, this chapter will focus on the 
metabolicinvestigation of erectile dysfunction. Specifically, 
we will illustrate from our practice a clinical case and the 
value of the metabolic workup of the ED patient and the 
evolving concept of “cardiometabolic risk.” 
Cardiometabolic risk entails the risk of developing any 
of the following: type 2 diabetes (T2DM), cardiovascular 
disease (CVD), or metabolic syndrome (MetS). The 
assessment of cardiometabolic risk uses traditional risk 
factors such as smoking, high low-density-lipoprotein 


cholesterol (LDL-C), hypertension, and elevated serum 
glucose as well as emerging risk factors closely related to 
abdominal obesity, especially intra-abdominal or visceral 
obesity. The relationship between traditional cardiovas- 
cular risk factors (hypercholesterolemia, hypertension, 
and smoking) and the occurrence of cardiovascular events 
is well understood. Our increasing understanding of the 
pathophysiology of cardiovascular disease is now defining 
the value of a range of new cardiovascular risk factors. 
Risk stratification requires measurement tools of CVD risk 
that must be valid in the general male population, and 
measurement tests or biomarkers that help predict cardiac 
risk.4 ED should become part of this CVD risk assessment. 

Traditional models of cardiovascular risk such as 
Framingham Risk Score (FRS) are weighted toward age, 
and 80% of men aged 40-59 will have a low 10- year 
risk.’ Incorporating some assessment of lifetime risk has 
been proposed as an added step to evaluate cardiovas- 
cular risk in this younger middle-aged population, in 
which those with ED, as noted by Inman, are at partic- 
ularly elevated cardiovascular risk.’ 

New data have emerged to justify a new version, 
though controversial, to better target lipid management 
therapies for the reduction of cardiovascular events in the 
adult population.ć New guidelines have attempted to 
address the shortcomings of older risk models. ED guide- 
lines such as Princeton III’ have attempted to utilize evi- 
dence-based evaluation to further stratify men for 
cardiovascular (CVS) risk following the utilization of keen 
history taking and traditional risk models to establish the 
presence of predominantly vasculogenic ED and the 
volume of subclinical atherosclerotic burden, which are 
markers for subsequent CVS events of myocardial infarc- 
tion (MI) and cerebrovascular accident (CVA) in men.® 
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Box 13.1 TS: A 44-year-old male with 20-year history of ED. 


TS is a 44-year-old male who presented to the Men’s Health Center with a longstanding history of erectile dysfunction (ED). He is 
married and is a broker attorney for a large investment firm. In this global recession, he is under enormous work stress. He had 
consulted a urologist 10 years prior, and underwent nocturnal penile tumescence testing, which was normal. He was thought to 


SUCCESS. 


improve his sexual functioning. 


per week, it was generally “low fat” and of moderate calories. 


chronic diseases. 


normal testes. 


Mr S's case raises several questions: 


premature cardiovascular disease on the male side. 


have “psychogenic” ED. He was treated with the first-line oral therapies: sildenafil, vardenafil, and tadalafil but with limited 


In fact, he noted increasing unresponsiveness to these medications over time, achieving penetration in less than 40% of 
attempts. Upon further questioning, his ED appeared in his mid-20s, and affected multiple domains of his sexual function. His 
complaints included decreased firmness of erection, and an inability to sustain his erections often leading to an inability to 
complete intercourse. His desire was good, and he and his wife adapted their sexual intimacy to include genital intimacy without 
penetration. Yet, Mr S felt there should be more that could be done to help him both understand the cause of his ED, and 


His past medical history was unremarkable: no allergies; no medications; no chronic diseases. His life habits too revealed little 
in the way of cause: no history of cigarettes or marijuana use; rare alcohol intake. He walked 30-45 minutes each day, used a 
functional weight trainer for an anaerobic workout for 1 hour 2-3 days each week, and though his diet included beef 2-3 times 


His family history was positive for premature heart disease: his father suffered a myocardial infarction (MI) at age 57 and 
succumbed to leukemia at 58. His paternal uncle had a fatal MI at age 52. His mother was alive and well at age 70 without any 


On physical exam his blood pressure was 118/74mmHg sitting, and 112/70 mmHg supine. Pulse was 74 beats/minute and 
regular. Height was 5 feet 11 inches, weight 211 pounds, abdominal girth 37 inches, and a BMI of 29.4. He had no systemic 
evidence of vascular disease. There were no arteriolar venous nicking or soft exudate on fundoscopic exam. Heart exam revealed 
no murmurs; pulses were all intact without auscultated bruits. Genitourinary exam revealed a normal phallus without plaque and 


Mr S'‘s laboratories revealed: serum fasting glucose of 116m4g/dL; total cholesterol of 178 mg/dL; triglycerides of 80 mg/dL; 
HDL-C of 37 mg/dL; and LDL-C cholesterol of 125 ng/dL. Total Chol/HDL ratio was 4.81, suggestive of moderate risk.? Total 
testosterone: 616ng/dL (normal 300-1000); bioavailable testosterone: 248 ng/dL (normal: 40-49 years: 95-350); sex-hormone 
binding globulin (SHBG): 32 nmol/L. High-sensitivity C-reactive protein (hs CRP): 3.2 mg/L. 


e Is a history of ED a harbinger for future cardiovascular risk? This is especially of concern given Mr S's family history of 


e Are there cost-effective, sensitive, and specific metabolic tests that might indicate increased cardiovascular risk? 
e Will these tests delineate treatment based on identification of obstructive coronary artery disease (CAD) and atherosclerotic 
burden and thereby lower future CVS risk and improve erectile function? 


The metabolic syndrome: a cluster 
of findings increasing the risk of type 
2 DM and CVD: its relationship to ED 


Metabolic syndrome (MetS) is a complex disorder with 
high socioeconomic cost that is considered a world- 
wide epidemic. MetS is defined by a cluster of 
interconnected factors that directly increase the risk of 
coronary heart disease (CHD), other forms of cardio- 
vascular atherosclerotic diseases (CVD), and type 2 
DM. Its main components are dyslipidemia — elevated 
triglycerides and apolipoprotein B (apoB)-containing 
lipoproteins, and 
(HDL) - 


low high-density lipoproteins 


hypertension, and deregulated glucose 


homeostasis, while abdominal obesity and/or insulin 
resistance (IR) have gained increasing attention as the 
core manifestations of the syndrome. Recently, other 
abnormalities such as chronic proinflammatory and 
prothrombotic states, non-alcoholic fatty liver disease, 
and sleep apnea have been added to the syndrome, 
making its definition even more complex. Besides the 
many components and clinical implications of Mets, 
there is still no universally accepted pathogenic 
mechanism or clearly defined diagnostic criteria. 
Furthermore, there is still debate as to whether this 
entity represents a specific syndrome or is a surrogate 
of combined risk factors that put the individual at 
particular risk.'® 
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The most current definition incorporates the 
International Diabetes Federation (IDF) and American 
Heart Association/National Heart, Lung and Blood 
Institute (AHA/NHLBI) definitions and requires a 
patient to have any three of the following five 
conditions:"! 

e Elevated waist circumference (ethnicity specific 
values, e.g., European males >102cm (40 in) and 
females >89 cm (35 in)). 

e Triglycerides >150 nmol/L. 

e HDL-cholesterol <1.03 mmol/L (<40 mg/dL). 

° BP >135/85 mmHg. 

e Fasting glucose >5.6 mmol/L (>100 mg/dL). 

ED has been linked to multiple selected aspects of 
the metabolic syndrome, including type 2 diabetes 
mellitus," increased fasting blood glucose,'*”* arterio- 
sclerotic disease manifestations, '® 8 hypertension, 141920 
and obesity," and to the metabolic syndrome as 
defined by different health 


Moreover, Bal et al. noted that the risk of ED increased 


organizations. !®!5:20.21 


in line with the number of Mets factors exhibited by a 
patient. Several interrelated mechanisms may explain 
the observed relationship between the MetS and ED. 
One obvious mechanism could be a low testosterone 
level, which has been shown to be associated with 
moderate and severe ED,” possibly via a mechanism of 
diminished NO synthesis.” This hypothesis was sup- 
ported by a report that testosterone treatment increases 
cavernosal expression of NO synthetase mRNA in rats.*4 
In this way, hypogonadism as a manifestation of the 
MetS could result in diminished NO synthesis and 
subsequent ED. Another mechanism is peripheral 
arterial insufficiency due to an atherosclerotic disease. 
The presence of arterial vasculogenic ED is associated 
with ischemic heart disease in men over 40 years old in 
several studies.” Furthermore, men with ED are twice as 
likely to have sustained a myocardial infarction com- 
pared with men without ED, and the risk becomes more 
pronounced with increasing age.” Increasing alpha- 
adrenergic activity has been linked to several established 
aspects of the Mets, and is an attractive potential mech- 
anism that could explain the link between the MetS 
and ED. Evidence supporting this mechanism has come 
from a study demonstrating that patients with non- 
organic ED have significantly higher sympathetic activity 
than those without (p<0.05).” This mechanism has 
been supported by studies that have concluded that 
treatment with alpha-receptor antagonists, doxazosin’® 


and alfuzosin,??*° may improve sexual function including 
ED. This mechanism is also attractive because it explains 
the link between ED and lower urinary tract symptoms 
(LUTS), which was confirmed by the Multinational 
Survey of the Aging Male (MSAM7) study.” This study 
included more than 14,000 men, aged 50-80 years, rep- 
resentative of the population of six European countries 
and the United States.*! 

A fourth mechanism explaining the link between the 
Mets and ED involves increased activation of the Rho/ 
Rhokinase pathway, acting downstream of norepineph- 
rine and endothelin1 receptors. Diabetes and hyperten- 
sion have been linked to increased activity in this 
pathway.” Increased activity in the Rho/Rho-kinase 
pathway results in the inhibition of smooth muscle and 
subsequent smooth muscle contraction.” Although this 
mechanism has not been specifically demonstrated in 
erectile tissue, it adds to the body of evidence suggesting 
that ED is also an expression of the MetS and could arise 
via this mechanism.** 

There are several hypotheses concerning the mecha- 
nism linking the metabolic syndrome and male hypogo- 
nadism. Obesity, especially visceral obesity, is an 
established aspect of the metabolic syndrome. Activity 
of aromatase, an adipose enzyme that is involved in the 
irreversible conversion of testosterone into estradiol,” is 
higher in men who are obese and, consequently, they 
tend to have a decreased testosterone level and increased 
estradiol level.” Thus, the MetS provides an endocrine 
mechanism to explain the development of hypogonado- 
tropic hypogonadism, as it is believed that the effect of 
estradiol on gonadotropin suppression is more potent 
than that of testosterone.” The findings of Zumoff and 
colleagues,” who treated six obese men with oral testo- 
inhibitor), support this 
conclusion. After 6 weeks, men treated with testolac- 


lactone (an aromatase 
tone had higher levels of testosterone and luteinizing 
hormone (LH) and decreased levels of estrogen com- 
pared with their baseline levels.*® 

The hypothalamic-pituitary-adrenal (HPA) axis pro- 
vides yet another mechanism that could explain the link 
between the metabolic syndrome and hypogonadism. 
The HPA axis has been shown to be overactive in sub- 
jects suffering from the metabolic syndrome,” and it is 
well established that cortisol inhibits the reproductive 
axis at several levels, including secretion of gonado- 
tropin-releasing hormone (GnRH) and LH and also at 
the level of the testes themselves. This emerging link 
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between the metabolic syndrome and male hypogonad- 
ism via increased aromatase activity, hypogonadotropic 
hypogonadism, and increased activity of the HPA axis 
seems to suggest that male hypogonadism is also a uro- 
logical aspect of the metabolic syndrome. 


Novel biomarkers (metabolic 
and imaging) to clarify CVS risk 
in the ED patient 


By definition, cardiac biomarkers are measurement tests 
that help predict cardiac risk.“ They include traditional 
measurements of cardiovascular risk: the lipid panel; 
blood sugar; and blood pressure. They can include 
anthropomorphic measurements such as waist circum- 
ference (WC), body mass index (BMI), and other mea- 
sures of visceral obesity. They can include imaging studies 
such as coronary artery calcification (CAC) as measured 
by electron-beam computed tomography or computed 
tomography or carotid intima-media thickness (CIMT) or 
carotid plaque. They can be surrogate measures of endo- 
thelial function such as peripheral arterial tonometry, or 
serum asymmetric dimethylarginine (ADMA). They can 
be surrogate measures of arterial inflammation: highly 
sensitive C-reactive protein (hsCRP), tumor necrosis 
factor « (TNF-a), adipokines, or interleukin-6 (IL-6). 
They can measure insulin resistance and include fasting 
serum insulin, Homeostatic Model Assessment of Insulin 
Resistance (HOMA-IR), fasting glucose, or glycated 
hemoglobin Alc (HbAIC). Lastly, they might include the 
measurement of the extremely atherogenic level of small, 
dense LDL particles (LDL-P) or apolipoprotein B (apo-B) 
as measured by nuclear magnetic resonance. 

Therefore, a range of important novel risk factors or 
biomarkers for cardiovascular disease are associated 
with the Mets, although not yet included within its def- 
inition. Most have yet to be validated for efficacy and 
cost-effective screening in both the asymptomatic or 
symptomatic ED patient. These include the above noted 
chronic, low-grade inflammation, and disturbances in 
the secretion of bioactive substances from adipocytes 
(“adipokines”),?“? hsCRP apo-B, and vitamin D levels. 

The cardiovascular risk factors associated with the 
MetS, whether included within its diagnostic criteria or 
not, contribute to the progression of atherosclerotic car- 
diometabolic disease. Current diagnostic and therapeutic 
approaches do not adequately address these factors, and 


further clarification of the utility of these biomarkers in 
the ED patient is required. 

We examine a few non-traditional markers and eval- 
uate the quality of the evidence for their value as potential 
markers for cardiometabolic disease and, thereby, in the 
ED patient. These have been graded according to the rec- 
ommendations of the Centre for Evidence-Based medicine 
(www.cebm.net). Levels of evidence have been deter- 
mined by consensus of the authors following review of 
the present literature. 


Waist circumference (intra-abdominal 
adiposity) (IAA) in men with ED: level 

of evidence=1a 

Intra-abdominal adiposity (IAA) drives the progression 
of multiple risk factors directly, through the secretion of 
excess free fatty acids and inflammatory adipokines, and 
decreased secretion of adiponectin. The important con- 
tributions of IAA to dyslipidemia and insulin resistance 
provide an indirect, though clinically important, link to 
the genesis and progression of atherosclerosis and car- 
diovascular disease.“**° Presence of excess IAA is an 
important determinant of cardiometabolic risk. IAA is 
associated with insulin resistance, hyperglycemia, dys- 
lipidemia, hypertension, and prothrombotic/proinflam- 
matory states. Excess IAA typically is accompanied by 
elevated levels of C-reactive protein and free fatty acids 
(FFAs), as well as decreased levels of adiponectin. 
Abdominal obesity has been shown to be associated 
with the inflammation cascade, with adipose tissue 
expressing a number of inflammatory cytokines. 
Inflammation is now believed to play a role in the 
development of atherosclerosis and type 2 DM. Elevated 
levels of CRP are considered to be predictive of cardio- 
vascular disease and insulin resistance.*°*” 

These components help to explain why excess abdom- 
inal adiposity is considered to be a great threat to cardio- 
vascular and metabolic health. Abdominal obesity is 
associated with multiple cardiometabolic risk factors, 
including dyslipidemia,** elevated blood glucose,*” and 
inflammation"! — all factors leading to the development 
of CVD and DM in male ED patients. DM is, after age, 
the greatest risk factor for ED.? Patients with DM were 
three times more likely to develop ED than those who 
did not have DM.*°*! The prevalence for ED in these 
patients was as high as 75%.*°* The Cologne Male 
Survey noted a four-fold increase in ED in men with 
DM as compared to the general population.” In the 
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Health Professionals Follow-up Study, which involved 
greater than 30,000 subjects, Bacon et al.°® found the 
duration of DM to be strongly associated with the inci- 
dence of ED. Rhoden et al.” found that higher glycated 
hemoglobin levels in patients with DM were signifi- 
cantly associated with more severe ED (p<0.05). The 
risk of ED in men with DM is also significantly associ- 
ated with other diabetic complications such as diabetic 
neuropathy (p<0.05).*8 

Adipocytes generate inflammatory cytokines, and 
patients with obesity and T2DM tend to have a higher 
inflammatory profile. Inflammatory markers, such as 
IL-6,° TNF-a,’ or hsCRP” are elevated and have 
been associated with impaired endothelial function, car- 
diovascular events, and ED.°°°! 


Testosterone levels and cardiometabolic 
risk: level of evidence=2a 

Hypogonadism is a common condition in men — espe- 
cially older men — that can affect both health status and 
quality of life. Mulligan et al.** examined the prevalence 
rates and odds ratios for selected comorbidities associ- 
ated with low testosterone levels in 2162 primary care 
patients. They observed that the odds ratios of having 
low testosterone levels (hypogonadism is both the 
presence of low levels and clinical signs and symptoms) 
were increased in the presence of certain risk factors. 
The odds ratios for the presence of hypogonadism (the 
odds of having hypogonadism if one has this risk factor 
versus not having the risk factor) were 2.38 for obesity, 
2.09 for diabetes, 1.84 for hypertension, and 1.47 for 
hyperlipidemia. 

Research to date strongly and consistently shows tes- 
tosterone replacement therapy (TRT), at least over the 
short term (up to ~3 years), has positive effects on body 
composition — decreasing fat mass, and increasing 
muscle mass — which in turn can reduce the risk for 
MetS and T2DM.® Evidence is moderately consistent for 
TRT improving bone mineral density. Research to date 
also is strong in showing that TRT has positive effects on 
various aspects of sexual function, though the specific 
effects differ from study to study. Most studies to date 
showed that TRT increased sexual awareness and 
arousal, erectile function, and the frequency of 
spontaneous erections, but was less consistent in 
enhancing actual sexual behavior and performance.” It 
is beyond the scope of this chapter to address the 
conflicting issues regarding testosterone and CVS events 


and mortality. One can simply say that studies thus far, 
both positive and negative, are cross-sectional and, 
hence, inconclusive. Yet, the authors feel it is vital to 
screen all men with ED for testosterone deficiency, and 
thereby perhaps gain a sense of a man’s overall health 
and stress. This is especially true in those men with a 
history of inadequate response to prior phosphodies- 
terase type 5 (PDE5) inhibitors. 


CAC potential role in ED management: 
level of evidence=1b 
Coronary artery calcium (CAC) scores are better than 
carotid intima media thickness (CIMT), as shown in a 
cohort of 44,052 asymptomatic patients referred for car- 
diovascular risk stratification. All-cause mortality rates 
(MRs) were calculated after stratifying by age groups and 
CAC score.®* Another aim was to determine if CAC scor- 
ing is independently predictive of mortality in young 
adults and in the elderly population, and if a young person 
with high CAC has a higher mortality risk than an older 
person with lower CAC. Indeed, the value of CAC for pre- 
dicting mortality extends to both elderly patients and 
those less than 45 years old. Elderly persons with no CAC 
have a lower MR than younger persons with high CAC.°° 
In another Multi-Ethnic Study of Atherosclerosis 
(MESA) subanalysis, Detrano et al.” collected data on risk 
factors and performed coronary calcium scoring in an eth- 
nically diverse population without cardiovascular disease 
at entry who were followed for a median of 3.8 years. 
They found that the adjusted risk of a CVD event was 
increased by a factor of 7.73 among participants with a 
CAC score of 101 to 300 compared to those individuals 
with no coronary calcium.‘ This risk increased to 9.67 
among those with CAC scores exceeding 300.” They 
noted that CAC scores are a strong predictor of incident 
CHD and provide predictive value beyond the standard 
Framingham risk data, regardless of race or ethnicity. 
Thus, we propose the use of CAC scoring in men with 
ED deemed at intermediate risk of CAD according to the 
Framingham Risk Stratification or in patients with low 
ACC/AHA risk but who might fall outside the present 
grading criteria.* The absence of CAC is conclusive of 
minimal to no risk of Atherosclerotic Cardiovascular 
Disease (ASCVD) in the following 10 years. The presence 
of CAC may help guide the clinician regarding appro- 
priate primary prevention therapy and certainly is one 
of the strongest discriminatory tests for the intermediate- 
risk patient in CVD risk stratification. 
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The role for peripheral arterial tonometry 
(PAT) assessment, asymmetric 
dimethylarginine (ADMA) as markers 

of endothelial cell function in men with ED: 
level of evidence=2a 

Because endothelial dysfunction is considered the first 
step toward the generation of atherosclerotic plaque“ 
and can be found in patients with cardiovascular risk 
factors,” the use of flow-mediated vasodilation (FMD) 
has long had a role in the evaluation of the pathology of 
erectile dysfunction. Indeed, Kaiser et al.” studied 30 
men with ED and no other clinical cardiovascular dis- 
ease, and compared them with 27 age-matched controls 
without ED. The ED group had penile vascular disease 
present on Doppler ultrasound testing (mean peak sys- 
tolic flow of 28cm/s+3), an IIEF-5 score of 12.9 versus 
22.3 (p=0.000,001) with a cut-off value for ED <21. 
While no significant differences were noted in fasting 
lipids, glucose, homocysteine, and CAC scores in the 
two groups, there was a significant difference in brachial 
artery flow-mediated vasodilation studies, thereby illus- 
trating the idea that ED appears to occur before the 
development of overt structural or functional systemic 
vascular disease, and that abnormalities in the penile 
cavernosal nitric oxide/cyclic GMP vasodilator system 
may result in ED as an early clinical manifestation of 
vascular disease.” 

This led to the theory that endothelial dysfunction is 
believed to be the common initiator of ED and other 
atherosclerotic diseases. The importance of this study 
cannot be understated. Men with ED but no other 
clinical cardiovascular disease were found to have 
reduced flow-mediated vasodilation in the brachial 
artery in response to sublingual nitroglycerine, indi- 
cating endothelial dysfunction and abnormal smooth 
muscle relaxation. Evidence is accumulating that endo- 
thelial dysfunction is an early functional change thought 
to precede ASCVD changes in the cerebrovascular, coro- 
nary, and peripheral circulations.” 

Obesity is associated with increased activation of the 
renin-angiotensin system, which in turn leads to vaso- 
constriction and impaired endothelial function.” DM is 
associated with higher levels of asymmetric dimethylar- 
ginine (ADMA).” ADMA is an endogenous analog of L- 
arginine that competitively inhibits nitric oxide synthase 
(NOS).” Elevated plasma ADMA levels signify impaired 
endothelial cell function” and predict cardiovascular 


events.’**° A strong link of ADMA to CAD and ED has 

been reported.*! 
Endothelial 

reduction in endogenous nitric oxide activity, which 


dysfunction is characterized by a 
may be attributed to an elevation in ADMA levels.* 
Thus, it may be speculated that the elevation of endog- 
enous ADMA may be associated with the systemic man- 
ifestations of endothelial dysfunction in patients with 
cardiovascular risk factors and ED. 


Vitamin D and cardiovascular health: level 
of evidence =2b 
Vitamin D is known to have a well-defined role in bone 
and calcium metabolism, but it has also been implicated 
as a factor in cardiovascular health. Vitamin D deficiency, 
defined by the American Endocrine Society as less than 
20ng/mL, of blood affects nearly 50% of the world’s 
population.* It has been observed that the incidence of 
cardiovascular disease increases with increasing distance 
from the Equator, and correlation with vitamin D 
deficiency has been proposed as a mechanism.” Both 
the Framingham Offspring Study and the Health 
Professionals Follow-up Study showed an approximately 
doubled risk for cardiovascular events in vitamin D-defi- 
cient subjects.*°°” Analysis of retrospectively collected 
data from 27,686 patients in the Intermountain Heart 
Collaborative Study Group (IHC) demonstrated that 
vitamin D levels were highly associated with coronary 
artery disease and myocardial infarction.** In the Multi- 
Ethnic Study of Atherosclerosis, lower 25 Hydroxyvitamin 
D concentration was associated with an increased risk 
for incident coronary artery calcification, a measure of 
coronary atherosclerosis.°° 

Study of the effects of the vitamin D receptor (VDR) 
has revealed potential mechanisms for the effects of 
vitamin D on vascular health. Vitamin D receptors are 
present in all of the key mediators of atherosclerosis 
including endothelial cells, vascular smooth muscle 
cells, and immune cells.” Vascular cell growth, migra- 
tion, and differentiation along with immune response 
modulation and cytokine expression are tied to 
activation of the VDR. Vitamin D is also directly involved 
in the systemic inflammatory response contributing to 
atherosclerosis.” Although interventional studies have 
not yet shown benefits of vitamin D supplementation in 
risk reduction, it is clearly evolving as an important 
marker of risk. 
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Box 13.2 The follow-up visit of Mr TS. 


Mr TS returned to the Center and underwent further studies. A reactive hyperemic index ratio (RHI) evaluation revealed a result 
of 2.08, suggestive of fair endothelial function. ADMA returned elevated at 0.55 (suggestive of impairment of endothelial 
function), in the 5th quintile, with a 95% reference range of 0.26-0.67. LDL particle number (LDL-P) was elevated at 

1655 nmol/L (optimal <1000) with small LDL-P of 1220 nmol/L (optimal <600), and LDL particle size was 20.4nm (consistent with 
the increased risk of small particle pattern B). Repeat LDL-C was 141 mg/dL, HDL-C 33 mg/dL, TG 46 mg/dL, and total cholesterol 
of 183 mg/dL. A penile Doppler ultrasound study was normal with the left cavernosal arterial systolic velocity of 36.17 cm/s and 
right cavernosal velocity of 41.93 cm/s, at 60% tumescence following injection with 0.2 mL of a standard tri-mix (papaverine; 
phentolamine; alprostadil). Repeat hsCRP remained elevated at 4.0 mg/L. 

With use of the 2013 ASCVD Risk Estimator, published jointly by the American College of Cardiology (ACC) and the American 
Heart Association (AHA) to help healthcare providers and patients estimate 10-year and lifetime risks for atherosclerotic 
cardiovascular disease (ASCVD) using the Pooled Cohort Equations and lifetime risk prediction tools, his 10-year ASCVD risk is 
1.9% and 1.0% with optimal risk factors. His lifetime ASCVD risk is 5.0% calculated and 5.0% with optimal risk factors. 

His recommendation is not to be in the statin group given a 10-year ASCVD risk <5%, with the following caveat: in individuals for 
whom after quantitative risk assessment a risk-based treatment decision is uncertain, additional factors may be considered to inform 
treatment decision-making. These factors may include: primary LDL-C 2160 mg/dL or other evidence of genetic hyperlipidemias; 
family history of premature ASCVD with onset <55 years of age in a first-degree male relative or <65 years of age in a first-degree 
female relative; high-sensitivity C-reactive protein >2 mg/L; CAC score 2300 Agatston units or >75 percentile for age, sex, and 
ethnicity; ankle-brachial index <0.9, or elevated lifetime risk of ASCVD. Additional factors may be identified in the future. (llb C) 


Given Mr TS's repeat laboratories and tests, how might we stratify his cardiovascular risk 

and make recommendations? 

While it is true that Mr TS's penile Doppler studies suggest good penile arterial flow, and that some of his ED may be 
psychogenic or related to performance anxiety, his elevated hsCRP on two occasions and his elevated LDL-P number are reflective 
of a greater atherogenic risk, and given his low HDL-C and his family history of premature MI, one could make a case for 
implementing statin therapy, based on the JUPITER and Inman studies discussed above. In reality, Mr TS has agreed to a 3-month 
trial of a strict Mediterranean diet and a repeat of his laboratory parameters, a greater commitment to exercise, and 
psychological counseling with his wife with our clinical psychologist who specializes in sexual therapy. 

Most importantly, the use of these novel biomarkers and surrogates begs the question whether this discovery of Mr TS's 
dyslipidemia is a cause for his ED, and whether modification of his dyslipidemia can improve both his ED and lessen his overall 
CVD risk? The honest answer is that we do not have clarification of this at present. There remains a disconnect between imaging 
surrogates and outcomes. 

From the above evidence and our experience, we propose the following metabolic investigation of men with ED, including 


anthropomorphic and vital sign measurements: 
2013 ASCVD Risk Estimator 

Waist circumference measured at the umbilicus 
Blood pressure/heart rate 

Fasting insulin and glucose levels 

Baseline renal function (BUN/creatinine) 

Fasting lipid profile 

orning total testosterone level 

hsCRP 

Vitamin D3 (OH) 

f any doubt with use of the 2013 ASCVD Risk Estimator, then CT calcium scoring may clarify risk and treatment options. 


The use of biomarkers to define risk 

When we examine the use of biomarkers, we must distin- 
guish between screening to define a population at risk 
that we are not currently treating, or reducing surrogate 
endpoints (e.g., MI, acute coronary syndrome, stroke). 
These questions, together with the issue posed by 


Thompson:** “Could erectile dysfunction serve as a 
surrogate measure of treatment efficacy in preventive 
interventions for cardiac disease?”*! can only be answered 
by further studies of cardiovascular disease prevention 
strategies in men with largely vasculogenic ED. Men with 
ED with or without CVS risk factors, should be considered 
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an “intermediate” risk group for future cardiovascular 
events. It is this group of men, particularly under the age 
of 60 years, who may benefit from utilization of some of 
these surrogate markers of cardiometabolic risk in a cost- 
effective manner to stratify them for subsequent aggres- 
sive treatment of preventative cardiovascular risk factors. 
These men, many of whom may be missed by the tradi- 
tional Framingham risk criteria, may find the risk elabo- 
rated with prudent use of these biomarkers or imaging 
studies. Only further studies of men with vasculogenic ED 
and preventative measures will provide evidence as to 
which of the surrogate markers are impactful and effica- 
cious in the delineation of such risk. 


Conclusion 


The metabolic investigation of erectile dysfunction 
involves primarily the investigation of metabolic 
sequelae of visceral adiposity leading to type 2 DM or 
CVD. This is known as cardiometabolic risk. Older 
models of cardiovascular risk assessment (FRS) have 
generally underestimated risk in younger and middle- 
aged populations. The authors of the new risk models 
make adjustments for this and introduce the idea of 
balancing 10-year risk with lifetime risk to aid in 
decision-making in younger adults. Whether it is life- 
time risk or ED that is used to enhance 10-year risk 
assessment, the concept is the same: to discern those 
who have started down the path of inflammation, endo- 
thelial dysfunction, and vulnerable plaque formation, 
and thereby intervene somewhere upstream from the 
first ASCVD event. Lifetime risk may be something 
abstract to most patients, and current evidence does not 
support its use to guide pharmacotherapy. The value is 
ED is 
something tangible. It affects mental health and quality 


to motivate therapeutic lifestyle changes. 
of life. Young and middle-aged male patients with ED 
are likely to make changes that will have an immediate 
impact on both their CVS risk and overall sexual 
function. 


References 


1 Hatsimouratidis K, Amar E, Eardley I, et al. Guidelines on 
male sexual dysfunction and premature ejaculation. Eur Urol 
2010;57:804-14. 


1 


1 


1 


1 


14 


1 


Ww 


Ww 


an 


N 


O 


0 


= 


2 


Ww 


v 


Prins J, Blanker MH, Bohnen AM, et al. Prevalence of erec- 
tile dysfunction: a systematic review of population-based 
studies. Int J Impot Res 2002;14:422-32. 

Inman BA, St Sauver JL, Jacobson DJ, et al. A population- 
based, longitudinal study of erectile dysfunction and future 
coronary artery disease. Mayo Clin Proc 2009;84:108-13. 
Marma AK, Berry JD, Ning H, et al. Distribution of 10-year 
and lifetime predicted risks for cardiovascular disease in US 
adults: findings from the National Health and Nutrition 
Examination Survey 2003 to 2006. Circ Cardiovasc Qual 
Outcomes 2010;3:8-14. 

Dhaliwal SS, Welborn TA. Central obesity and multivariable 
cardiovascular risk as assessed by the Framingham predic- 
tion scores. Am J Cardiol 2009;103:1403-7. 

Stone NJ, Robinson J, Lichtenstein AH, et al. 2013 
ACC/AHA guideline on the treatment of blood cholesterol 
to reduce atherosclerotic cardiovascular risk in adults. J Am 
Coll Cardiol 2013. doi: 10.1161/01.cir.0000437738.63853.7a. 
Nehra A, Jackson G, Miner M, et al. The Princeton III 
Consensus Recommendations for the Management of 
Erectile Dysfunction and Cardiovascular Disease. Mayo Clin 
Proc 2012;87(8):766-78. 

Miner M, Nehra A, Jackson G, et al. All men with vasculo- 
genic ED require a cardiovascular workup. Am J Med 2014; 
127:174-82. 

Castelli WP, Abbott RD, McNamara PM. Summary estimates 
of cholesterol used to predict coronary heart disease. 
Circulation 1983;67(4):730-4. 

Kassi E, Pervanidou P, Kaltsas G, et al. Metabolic syndrome: 
definitions and controversies. BMC Med 2011;9:48-61. 
Alberti KG, Eckel RH, Grundy SM, et al. International 
Diabetes Task Force on Epidemiology and Prevention, 
National Heart, Lung and Blood Institute, American Heart 
Association, World Heart Federation, International 
Atherosclerosis Society, International Association for the 
Study of Obesity: harmonizing the metabolic syndrome: a 
joint interim statement of the International Diabetes Task 
Force on Epidemiology and Prevention; National Heart, 
Lung, and Blood Institute; American Heart Association; 
World Heart Federation; International Atherosclerosis 
Society; and International Association for the Study of 
Obesity. Circulation 2009;120:1640-5. 

Aslan, Y, Sezgin T, Tuncel A, Tekdogan UY, Guler S, Atan A. Is 
type 2 diabetes mellitus a cause of severe erectile dysfunction 
in patients with metabolic syndrome. Urology 2009;74:561-5. 
Saigal CS, Wessels H, Pace J, Schonlau M, Wilt TJ. Predictors 
and prevalence of erectile dysfunction in a racially diverse 
population. Arch Intern Med 2006;166:207-12. 

Demir T. Prevalence of erectile dysfunction in patients with 
metabolic syndrome. Int J Urol 2006;13:385-8. 

Bal K, Oder M, Sahin AS, et al. Prevalence of metabolic syn- 
drome and its association with erectile dysfunction among 
urologic patients: metabolic backgrounds of erectile 
dysfunction. Urology 2007;69:356-60. 


The metabolic syndrome and ED 117 


16 


17 


18 


19 


20 


2 


= 


22 


23 


24 


2 


Ww 


26 


27 


28 


29 


30 


El-Sakka AI, Morsy AM. Screening for ischemic heart dis- 
ease in patients with erectile dysfunction: role of penile 
Doppler ultrasonography. Urology 2004;64:346-50. 
El-Sakka AI, Morsy AM, Fagih BI, Nassar, AH. Coronary 
artery risk factors in patients with erectile dysfunction. J 
Urol 2004;172: 251-4. 

Jackson G. Sexual response in cardiovascular disease. J Sex 
Res 2009;46:233-6. 

Al-Hunayan A, Al-Mutar M, Kehind EO, Thalib L, 
Al-Ghorory M. The prevalence and predictors of erectile 
dysfunction in men with newly diagnosed type 2 diabetes 
mellitus. BJU Int 2007;99:130-4. 

Tomada N, Tomada I, Botelho F, Cruz F, Vendeira P. Are all 
metabolic syndrome components responsible for penile 
hemodynamics impairment in patients with erectile 
dysfunction? The role of body fat mass assessment. J Sex Med 
2011;8:831-9. 

Kupelian V, Shabsig R, Araujo AB, O’Donell, AB, McKinlay 
JB. Erectile dysfunction as a predictor of the metabolic syn- 
drome in aging men: results from the Massachusetts Male 
Aging Study. J Urol 2006;176:222-6. 

Corona G. Mannucci E, Ricca V, et al. The age-related 
decline of testosterone is associated with different specific 
symptoms and signs in patients with sexual dysfunction. Int 
J Androl 2009;32:720-8. 

Gorbachinsky I, Akpinar H, Assimos, DG. Metabolic syn- 
drome and urologic diseases. Rev Urol 2010;12:157-80. 
Reilly, CM, Zamorano P, Stopper VS, Mills TM. Androgenic 
regulation of NO availability in rat penile erection. J Androl 
1997;18:110-15. 

Shamloul R, Ghanem HM, Salem A, et al. Correlation bet- 
ween penile duplex findings and stress electrocardiography in 
men with erectile dysfunction. Int J Impot Res 2004;16:235-7. 
Chen CJ, Kuo TB, Tseng YJ, Yang CC. Combined cardiac 
sympathetic excitation and vagal impairment in patients 
with non-organic erectile dysfunction. Clin Neurophysiol 
2009;120:348-52. 

Kirby RS, O’Leary MP, Carson C. Efficacy of extended-release 
doxazosin and doxazosin standard in patients with concom- 
itant benign prostatic hyperplasia and sexual dysfunction. 
BJU Int 2005;95:103-9. 

De Rose AF, Carmignani G, Corbu C, et al. Observational 
multicentric trial performed with doxazosin: evaluation of 
sexual effects on patients with diagnosed benign prostatic 
hyperplasia. Urol Int 2002;68:95-8. 

Liguori G, Trombetta C, Di Giorgi G, et al. Efficacy of 
combined oral therapy with tadalafil and alfuzosin: an 
integrated approach to management of patients with lower 
urinary tract symptoms and erectile dysfunction. 
Preliminary report. J Sex Med 2009;6:544-52. 

Kaplan SA, Gonzeles RR, Te AE. Combination of alfuzosin 
and sildenafil is superior to monotherapy in treating lower 
urinary tract symptoms and erectile dysfunction. Eur Urol 
2007;51:1717-23. 


3 


pa 


32 


33 


34 


3 


v 


36 


37 


38 


39 


40 


4 


= 


42 


43 


44 


4 


wn 


46 


Rosen R, Altwein J, Boyle P, et al. Lower urinary tract symp- 
toms and male sexual dysfunction: the multinational survey 
of the aging male (MSAM-7). Eur Urol 2003;44:637-49. 
McVary KT. Lower urinary tract symptoms and sexual 
dysfunction: epidemiology and pathophysiology. BJU Int 
2006;97(Suppl. 2):23-8. 

Faris JE, Smith MR. Metabolic sequelae associated with 
androgen deprivation therapy for prostate cancer. Curr Opin 
Endocrinol Diabetes Obes 2010;17:240-6. 

Hammarsten J, Peeker R. Urologic aspects of the metabolic 
syndrome. Nat Rev Urol 2011;8:483-94. 

Cohen PG Obesity in men: the hypogonadal-estrogen 
receptor relationship and its effect on glucose homeostasis. 
Med Hypotheses 2008;70:358-60. 

Vermeulen A, Kaufman JM, Deslypere JP, Thomas G. 
Attenuated luteinizing hormone (LH) pulse amplitude but 
normal pulse frequency, and its relation to plasma andro- 
gens in hypogonadism of obese men. J Clin Endocrinol Metab 
1993;76:1140-6. 

Cohen PG. The role of estradiol in the maintenance of 
secondary hypogonadism in males in erectile dysfunction. 
Med Hypotheses 1998;50:331-3. 

Zumoff B, Miller LK, Strain GW. Reversal of the hypogo- 
nadotropic hypogonadism of obese men by administration 
of the aromatase inhibitor testolactone. Metabolism 1993; 
52:1126-8. 

Rosmond R, Dallman ME Björntorp P. Stress-related cortisol 
secretion in men: relationships with abdominal obesity and 
endocrine, metabolic and hemodynamic abnormalities. 
J Clin Endocrinol Metab 1998;83:1853-9. 

Chrousos GP. Stressors, stress, and neuroendocrine 
integration of the adaptive response. The 1997 Hans Selye 
Memorial Lecture. Ann NY Acad Sci 1998;851:311-35. 
Billups KL, Kaiser DR, Kelly AS, et al. Relation of C-reactive 
protein and other cardiovascular risk factors to penile 
vascular disease in men with erectile dysfunction. Int J Impot 
Res 2003;15:231-6. 

Gelfand EV, Cannon CP. Rimonabant: a cannabinoid 
receptor type 1 blocker for management of multiple cardio- 
metabolic risk factors. JACC 2006;47(10);1919-26. 
Vasudevan AR, Ballantyne CM. Cardiometabolic risk 
assessment: an approach to the prevention of cardiovas- 
cular disease and diabetes mellitus. Clin Conerstone 2005; 
7(2-3):7-16. 

Rathmann W, Haastert B, Herder C, et al. Differential 
association of adiponectin with cardiovascular risk markers 
in men and women? The KORA survey 2000. Int J Obes 
2007;31:770-6. 

Yamauchi T, Kamon J, Minokoshi Y, et al. Adiponectin 
stimulates glucose utilization and fatty-acid oxidation by 
activating AMP-activated protein kinase. Nat Med 2002;8: 
1288-95. 

Snijder MB, Heine RJ, Seidell JC, et al. Associations of adi- 
ponectin levels with incident impaired glucose metabolism 


118 


Chapter 13 


47 


48 


49 


50 


5 


52 


53 


54 


55 


56 


57 


58 


59 


60 


6 


= 


= 


and type 2 diabetes in older men and women. The Hoorn 
study. Diabetes Care 2006;29:2498-503. 

Silvestro A, Brevetti G, Schiano V, et al. Adhesion molecules 
and cardiovascular risk in peripheral arterial disease. Soluble 
vascular cell adhesion molecule-1 improves risk stratifica- 
tion. Thromb Haemost 2005;93:559-63. 

Nikoobakht M, Nasseh H, Pourkasmaee M. The relationship 
between lipid profile and erectile dysfunction. Int J Impot Res 
2005;17:523-6. 

Burke JP, Jacobson DJ, McGree ME, et al. Diabetes and 
sexual dysfunction: Results from the Olmsted County Study 
of urinary symptoms and health status among men. J Urol 
2007;177:1438—42. 

Ponholzer A, Temml C, Mock K, et al. Prevalence and risk 
factors for erectile dysfunction in 2869 men using a vali- 
dated questionnaire. Eur Urol 2005;47:80-5. 

Saigal CS, Wessels H, Pace J, et al. for the Urologic Diseases 
in America Project. Predictors and prevalence of erectile 
dysfunction in a racially diverse population. Arch Intern Med 
2006;166:207-12. 

Fonseca V, Jawa A. Endothelial and erectile dysfunction, 
diabetes mellitus, and the metabolic syndrome: Common 
pathways and treatments? Am J Cardiol 2005;96:13M-18M. 
Vinik A, Richardson D. Erectile dysfunction in diabetes. 
Diabetes Rev 1998;6:16-33. 

Fedele D, Coscelli C, Santeusanio F, et al. for the Gruppo 
Italiano Studio Deficit Erecttile nei Diabetici. Erectile 
dysfunction in diabetic subjects in Italy. Diabetes Care 1998; 
21:1973-7. 

Braun M, Wassmer G, Klotz T, et al. Epidemiology of erectile 
dysfunction: Results of the ‘Cologne Male Survey.’ Int J 
Impot Res 2000;12:305-11. 

Bacon CG, Hu FB, Giovannucci E, et al. Association and 
type and duration of diabetes with erectile dysfunction in a 
large cohort of men. Diabetes Care 2002;25:1458-63. 
Rhoden EL, Ribeiro EP, Riedner CE, et al. Glycosylated 
hemoglobin levels and the severity of erectile function in 
diabetic men. BJU Int 2005;95:615-17. 

Gazzaruso C, Pujia A, Solerte SB, et al. Erectile dysfunction 
and angiographic extent of coronary artery disease in type II 
diabetic patients. Int J Impot Res 2006;18:311-15. 

Naya M, Tsukamoto T, Morita K, et al. Plasma interleukin-6 
and tumor necrosis factor-alpha can predict coronary endo- 
thelial dysfunction in hypertensive patients. Hypertens Res 
2007;30:541-8. 

Vlachopoulos C, Aznaouridis K, Ioakeimidis N, et al. 
Unfavourable endothelial and inflammatory state in erectile 
dysfunction patients with or without coronary artery 
disease. Eur Heart J 2006;27:2640-48. 

Giugliano F, Esposito K, Di Palo C, et al. Erectile dysfunction 
associates with endothelial dysfunction and raised proin- 
flammatory cytokine levels in obese men. J Endocrinol Invest 
2004;27:665-9. 


62 


6 


Ww 


64 


6 


wn 


66 


67 


68 


69 


70 


7 


= 


72 


7 


Ww 


74 


7 


v 


76 


77 


Mulligan T, Frick MF, Zuraw QC, et al. Prevalence of hypo- 
gonadism in males at least 45 years: the HIM study. Int J Clin 
Pract 2006;60:762-9. 

Buvat J, Maggi M, Guay A, Octavio Torres L. Testosterone 
deficiency in men: systematic review and standard operating 
procedures for diagnosis and treatment. J Sex Med 2013; 
10:245-84. 

Miner M, Canty D, Shabsigh R. Testosterone replacement 
therapy in hypogonadal men: assessing benefits, risks, and 
best practices. Postgrad Med 2008;120(3):130-52. 

Shabsigh R, Kaufman JM, Steidle C, Padma-Nathan H. 
Randomized study of testosterone gel as adjunctive therapy 
to sildenafil in hypogonadal men with erectile dysfunction 
who do not respond to sildenafil alone. J Urol 2004;172(2): 
658-63. 

Tota-Maharaj R, Blaha MJ. Coronary artery calcium for the 
prediction of mortality in young adults <45 years old and 
elderly adults >75 years old. Eur Heart J 2012;33:2955-62. 
Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a 
predictor of coronary events in four racial or ethnic groups. 
N Engl J Med 2008;358:1336-45. 

Cooke JP. The endothelium: A new target for therapy. Vasc 
Med 2000;5:49-53. 

Lekakis J, Papamichael C, Vemmos C, et al. Effects of acute 
cigarette smoking on endothelium-dependent arterial dila- 
tation in normal subjects. Am J Cardiol 1998;81:1225-8. 
Higashi Y, Sasaki S, Nakagawa K, et al. Effect of obesity on 
endothelium-dependent, nitric oxide-mediated vasodilation 
in normotensive individuals and patients with essential 
hypertension. Am J Hypertens 2001;14:1038-45. 

Kaiser DR, Billups KL, Bank AL, et al. Impaired brachial 
artery endothelium-dependent and -independent vasodila- 
tion in men with erectile dysfunction and no other clinical 
cardiovascular disease. J Am Coll Cardiol 2004;43:179-84. 
Shabsigh R. Correlation between erectile dysfunction and 
metabolic syndrome. In: Sadovsky R (ed.), Heart of the 
Matter: Erectile Dysfunction as an Early Sign of Vasculopathy. 
Livingston, NJ: CogniMed Inc., 2005; pp. 14-21. 

Segura J, Ruilope LM. Obesity, essential hypertension 
and rennin-angiotensin system. Public Health Nutr 2007; 
10:1151-5. 

Yamagishi S, Ueda S, Nakamura K, et al. Role of asymmetric 
dimethylarginine (ADMA) in diabetic vascular complica- 
tions. Curr Pharm Des 2008;25:2613-8. 

Palmer RM, Ferrige AG, Moncada S. Nitric oxide release 
accounts for the biological activity of endothelium-derived 
relaxing factor. Nature 1987;327:524-6. 

Juonala M, Viikari J, Alfthan G, et al. Brachial artery flow- 
mediated dilation and asymmetrical dimethylarginine in the 
cardiovascular risk in young Finns study. Circulation 2007; 
116:1367-73. 

Ardigo D, Stuehlinger M, Franzini L, et al. ADMA is 
independently related to flow-mediated vasodilation in 


The metabolic syndrome and ED 119 


78 


79 


80 


8l 


82 


8 


Ww 


84 


subjects at low cardiovascular risk. Eur J Clinic Invest 2007; 
37:263-9. 

Valkonen V, Paiva H, Salonen J, et al. Risk of acute coronary 
events and serum concentration of asymmetric dimethylar- 
ginine. Lancet 2001;358:2127-8. 

Mittermayer F, Krzyzanowska K, Exner M, et al. Asymmetric 
dimethylarginine predicts major adverse cardiovascular 
events in patients with advanced peripheral artery disease. 
Arterioscler Thromb Vasc Biol 2006;26:2536—40. 

Schnabel R, Blankenberg S, Lubos E, et al. Asymmetric 
dimethylarginine and the risk of cardiovascular events and 
death in patients with coronary artery disease: Results from 
the AtheroGene Study. Circ Res 2005;97:e53-e59. 

Maas R, Wenske S, Zabel M, et al. Elevation of asymmetric 
dimethylarginine (ADMA) and coronary artery disease in 
men with erectile dysfunction. Euro Urol 2005;48:1004-11. 
Cooke JP. Does ADMA cause endothelial dysfunction? 
Arterioscler Thromb Vasc Biol 2000;20: 2032-7. 

Kielstein JT, Impraim B, Simmel S, et al. Cardiovascular 
effects of systemic nitric oxide synthase inhibition with 
ADMA in humans. Circulation 2004;109:172-177. 

Hollick ME Binkley NC, Heike BA, et al. Evaluation, 
treatment, and prevention of vitamin D deficiency: an 


85 


86 


87 


88 


89 


90 


91 


Endocrine Society Clinical Practice Guideline. J Clin 
Endocrinol Metab 2011;96:1911-30. 

Judd S, Tangpricha V. Vitamin D deficiency and risk for 
cardiovascular disease. Lancet 1989;1:613. 

Wallis D, Penckofer S, Sizemore G. The “sunshine deficit” 
and cardiovascular disease. Circulation 2008;118:1476-85. 
Kuhn T, Kaaks R. Plasma 25-hydroxyvitamin D and its 
genetic determinants in relation to incident myocardial 
infarction and stroke in the European Prospective 
Investigation into Cancer and Nutrition (EPIC)-Germany 
Study. Arch Int Med 2008;168:1174-80. 

Mullie P, Autier P. Relation of vitamin D deficiency to car- 
diovascular disease. Am J Cardiol 2010;106:963-8. 

de Boer, I, Kestenbaum B, Shoben A, Michos E, Sarnak M, 
Siscovick D. 25-Hydroxyvitamin D levels inversely associate 
with risk for developing coronary artery calcification. J Am 
Soc Nephrol 2009;20:1805-12. 

Danik J, Manson J. Vitamin D and cardiovascular disease. 
Curr Treat Options Cardiovasc Med 2012;14:414-24. 
Thompson IM, Tamgen CM, Goodman PJ, Probstfield JL, 
Moinpour CM, Coltman CA. Erectile dysfunction and 
subsequent disease. JAMA 2005;294: 
2296-3002. 


cardiovascular 


CHAPTER 14 


Psychological assessment of patients with ED 


Catherine Benedict and Christian J. Nelson 
Memorial Sloan Kettering Cancer Center, New York, USA 


Introduction 


It is well established that both physical and psychosocial 
factors can contribute to the etiology of erectile 
dysfunction (ED) and that psychogenic components of 
ED are often present regardless of original etiology. Pre- 
existing distress and psychological reactions to ED can 
significantly exacerbate even mild cases of organic dis- 
order and impede treatment compliance and success. 
The majority of men with ED are ashamed of their 
condition. Emotional reaction to ED may also include 
reduced confidence and performance anxiety, loss of 
masculine identity and self-esteem, ED “bother,” and 
depressive symptoms.'* Men who experience ED may 
avoid sexual contact because of anxiety that a sexual 
attempt will ultimately end in failure.** This avoidance 
may lead to fewer sexual encounters, loss of intimacy, 
and emotional distancing with one’s partner.*'° Over 
time, sexual problems may erode the quality of intimate 
relationships and general relationship functioning. 
Despite the fact that men with all degrees of ED experi- 
ence some distress, many men do not speak with their 
doctors about their ED, or only do so when symptoms 
are severe. A growing body of literature suggests that 
underdiagnosed and untreated psychosocial factors con- 
tributing to ED result in early treatment termination 
and failure.'!? A thorough assessment of biopsychoso- 
cial etiological factors and the psychological and 
behavioral responses to ED is required to develop a 
comprehensive treatment plan and address potential 
barriers to treatment success. This chapter will review 
the psychosocial impact of ED and clinical assessment 
strategies to obtain relevant information for the 
treatment of ED. 


Psychosocial impact of ED 


Anxiety and depression 
It is quite common that men with ED have comorbid 
symptoms of depression and/or anxiety." Depressive 
and anxiety symptoms may have etiological significance 
or may be in reaction to ED symptoms.’* In one study of 
120 men presenting to a sexuality clinic, 33% had a 
major current psychiatric disorder, with major depres- 
sion being the most common.'’ Of note, only about one- 
third of these men were identified by their urologist as 
having a mental disorder.’ In another study of 103 men 
with ED, 63% had a detectable psychiatric diagnosis, 
including 25% with depressive disorders, 12% with 
anxiety disorders, and 7% with depression-anxiety 
comorbidity.*° 

Anxiety often plays a role in the development and 
maintenance of ED. Fears of inadequacy may coexist 
with fears of performance to cause erectile problems. 
Other fears that contribute to the development of sexual 
anxieties include excessive need to please partners and 
demands for performance on the part of the partner.” 
Erectile problems, in turn, may also heighten sexual 
anxieties due to increased concerns about erectile 
response and durability leading up to and during sexual 
encounters.” This heightened focus on performance 
and feeling self-conscious are cognitive distractions that 
exacerbate problems with arousal and performance.” 
Men who are unable to become aroused due to sexual 
anxieties and experience erectile problems as a result 
will have greater fears leading up to the next sexual 
encounter, increasing the likelihood of failure, and rein- 
forcing the pressure to perform during successive 
encounters. All the while, sexual confidence and esteem 
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are further and further damaged. This results in a vicious 
cycle of failure and escalating performance anxiety." 
Ultimately, the anticipation of failure may cause a man 
to start to avoid sex all together, which may also encom- 
pass other aspects of intimacy in his relationship. 

Anxiety may also overlap with depression in men 
with ED. With or without symptoms of anxiety, depres- 
sion is among the most common comorbid problems in 
patients with ED.'*** The association between ED and 
depression is bidirectional, in which the two conditions 
reinforce each other in a “downward spiral.”*? One of 
the diagnostic criteria of depression is loss of interest in 
pleasurable activities, including sex. ED, along with loss 
of libido and orgasm problems, is among the most 
common sexual complaints among depressed men.*° 
The association between ED and depression has been 
demonstrated in three large, well-designed, population- 
based studies of aging men in the United States, Finland, 
Brazil, Japan, and Malaysia.'*!*?” Data from the 
Massachusetts Male Aging Study (MMAS) confirm that 
men (aged 40-70 years) with clinically significant 
depressive symptoms are nearly two times more likely 
to report ED compared to their non-depressed peers, 
controlling for important sociodemographic and medical 
factors.” ED is associated with a higher incidence of 
depressive symptoms independent of age, marital status, 
and comorbid medical conditions.” Men with depres- 
sion and ED have lower libido than men with ED alone 
and are less likely to discuss their ED with their 
partners.!*° 


Partner and relationship difficulties 
Psychological distress stemming from ED may come 
from internal expectations and values such as long- 
held beliefs about manhood and sexual self-concept, or 
from partner and relationship factors. These may 
include perceptions of partner expectations regarding 
sexual ability, level of intimacy in the relationship, and 
communication around sexual difficulties. Men often 
feel uncomfortable sharing their feelings about their 
erectile problems with their partners.*?* They may feel 
shameful and try to conceal their ED, causing further 
reason to avoid physical closeness and more general 
intimacy with their partner.’’*! This can have broad 
implications for the general functioning of the rela- 
tionship, cause emotional distancing, increase men’s 
sense of social isolation, and exacerbate psychological 
distress. 


Partners may also want to hold back or avoid discus- 
sions regarding sexual changes to “protect” patients 
from increased distress (i.e., protective buffering). This 
has been consistently shown among couples coping 
with ED and the sexual sequelae after treatment for 
prostate cancer.*®*? Couples that avoid discussing 
changes in their sexual relationship have more difficulty 
adjusting to sexual difficulties and are also more likely 
to experience more general problems in their relation- 
ship. They are less likely to engage in sexual problem- 
solving, modify sexual practices to accommodate the 
sexual changes in the relationship, and to explore new 
ways to maintain sexual satisfaction. For example, 
among couples coping with ED after prostate cancer, 
couples’ engagement in constructive communication 
about the sexual changes in their relationship is 
associated with intercourse satisfaction and overall 
marital adjustment.” Conversely, non-communication 
regarding sexual changes is associated with increased 
distress in both partners, emotional distancing and 
marital tension, reduced likelihood of initiating sexual 
interactions, and lowered relationship intimacy.**** 

Both partners are impacted by the changes that ED 
may have on their relationship and must adjust to those 
changes individually and as a couple. Regret and feelings 
of loss are reported by both men and their partners in 
the face of sexual dysfunction.** Partner and relation- 
ship factors are important considerations in assessing 
men’s reactions to ED and the impact ED may have on 
their psychological well-being and quality of life. 


Avoidance 

Given the psychological consequences of ED, it is not 
surprising that many men have difficulty accepting their 
condition and delay pursuing treatment. Most men 
place an extremely high value on sexual functioning, 
and often view the ability to have erections as the core 
of what it means to be a man. In many ways, ED may be 
perceived as a threat to a man’s identity and sense of 
self. Men often make excuses for their ED hoping it will 
improve and often feel shame or embarrassment in 
pursuing treatments. In fact, research has indicated that 
as many as 69% of men deny their ED, and the median 
time to pursue treatment for ED is 2 years.” Although 
the embarrassment related to ED may be mitigated in 
men whose ED is caused by an alternative medical 
condition or treatment (e.g., prostate cancer, certain 
prescription medications), many men still delay seeking 
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treatment hoping their ED will improve spontaneously. 
Only 50% of men who report an interest in ED 
treatment actually pursue it.” Additionally, a growing 
body of literature is showing that compliance with ED 
treatments is poor. Disappointment, shame, and rela- 
tionship strain may impact men’s ability to commit to 
and sustain the use of medications for ED. Data indicate 
that 50-80% of men discontinue use of medical inter- 
ventions (i.e., pills, injections, vacuum devices) for ED 
within a year.’”** Phosphodiesterase type 5 inhibitors 
(PDESIs) are used to treat about 90% of men who seek 
ED treatment; however, despite being a safe and 
effective treatment, dropout rates are estimated to be 
30-50%. *! Although men may discontinue ED 
treatment for a number of reasons, those who develop a 
pattern of avoidance may be particularly prone to poor 
adherence. Avoidance may lead to chronic forms of ED 
and further prolong or exacerbate the negative effects of 
ED on emotional and relational well-being. 


Psychological assessment 
of patients with ED 


It is important that clinicians treating men with ED take 
a thorough history to gather information on potential 
organic as well as psychogenic components of erectile 
problems. As reviewed, the psychological manifestation 
of ED often goes beyond mere performance anxiety and 
may have significant implications for patients’ level of 
distress and well-being, sexual and intimate relation- 
ships, and broader psychosocial functioning. The assess- 
ment of ED should therefore identify any psychological 
(patients’ and their partners’) and interpersonal factors 
that may be contributing to ED etiology as well as 
potential sources of resistance, non-adherence, or 
treatment dropout. Gathering this information will help 
the clinician to identify potential barriers to treatment, 
which can then be addressed early to optimize pharma- 
ceutical treatment and restoration of sexual health. The 
initial history will likely be the most comprehensive part 
of the psychological assessment. However, follow-up 
care should involve ongoing assessment of psychological 
and behavioral responses to treatment. Treatment is 
improved by adding components of sexual therapy to 
pharmaceutical treatment and addressing the various 
psychosocial obstacles that may lead to early dropout.” 
It is also suggested that clinicians assess patients’ (and 


their partners’) expectations for treatment and provide 
pre-treatment education if needed.” Using a biopsycho- 
social model, clinicians should discuss the ways in which 
biological, psychological, relational, and contextual 
factors contribute to the onset and maintenance of erec- 
tile problems. Rather than focusing solely on ED symp- 
toms, clinicians should address the impact of ED and 
treatment on the broader sexual experience for men 
and their partners. This should be based on a shared 
understanding of realistic expectations for the course of 
treatment. 

It is important to note that these discussions can be 
difficult for both patients and clinicians. Although some 
patients may be relieved by the opportunity to discuss 
their sexual difficulties, others may feel uncomfortable, 
embarrassed, or anxious.*! Clinicians should be con- 
scious of not having their questions appear threatening. 
A discussion may be initiated with a general statement 
and non-threatening question, such as: 

e It is very common for men to experience changes in 
their sexual functioning (particularly if there is a 
relevant medical condition such as diabetes). Men 
may notice that they are starting to have problems 
maintaining an erection during sex or that the quality 
of their erections has changed. Is this something that 
bothers you and would you like to talk about it? 
Alternatively, patients may complete a brief question- 

naire to assess erectile and sexual problems, such as 
those reviewed at the end of the chapter. Completing a 
questionnaire introduces the subject and may make it 
easier for patients to acknowledge the problem and 
share information with the clinician without the 
pressure of a face-to-face conversation or feeling put on 
the spot.*! This may also normalize symptomatology, 
help to organize a man’s thoughts regarding his erectile 
functioning, and introduce appropriate language to use 
when later speaking with the clinician. 

Likewise, clinicians who are inexperienced in taking a 
sexual history or treating ED may feel ill-prepared to ask 
specific and intimate questions regarding patients’ sex 
lives. Nonetheless, it is important for clinicians to por- 
tray a confident, non-judgmental, and empathetic 
demeanor to make patients feel comfortable and open 
to sharing their story.'* Using a direct approach and 
specific screening questions to guide patients and elicit 
necessary information is often helpful. The interview 
should always be conducted within the bounds of 
patients’ comfort level and with sensitivity to patients’ 
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anxieties or reticence. Maintaining a positive therapeutic 
alliance is the most important aspect of the assessment. 
The goal is to build a therapeutic relationship based on 
clear communication and mutual respect. 

Depending on whether patients are single or coupled, 
the format for evaluation and treatment may vary. Most 
patients will be seen alone; however, if time permits, the 
clinician may want to ask partners to accompany patients 
and encourage their participation. This allows partners 
to provide their perspective and also gives clinicians the 
opportunity to evaluate couples’ interactions. This can 
provide valuable information regarding relationship 
functioning and couples’ expectations for treatment. 
However, partner involvement should never be forced 
and the clinician should defer to the patient’s preference. 
Again, maintaining rapport and building a trusting 
therapeutic relationship is most important. Men who are 
in a new relationship or in a relationship that does not 
feel safe to discuss such topics would most likely be 
better off seeing the clinician alone. Patients may have a 
multitude of personal and interpersonal reasons for their 
preference to either see the clinician alone or as a couple 
and, at least at first, this should be respected. As 
treatment progresses and a trusting therapeutic alliance 
has been established, the clinician may encourage a 
patient to overcome his initial resistance to including his 
partner, if there is an important reason to do so. If this is 
the case, the clinician should first have a good under- 
standing of the patient’s initial reasons for not wanting 
to include his partner to ensure that it would be a safe 
and beneficial addition to treatment. 


Background information and sex history 

The assessment of ED will naturally begin with a clear 
and detailed description of the patient’s sexual symp- 
toms and a thorough medical history to determine 
whether illness or medication is the cause of symptoms. 
A sex history should be used to obtain information 
related to potential organic and psychogenic factors 
connected to erectile problems, and should be a compre- 
hensive assessment of a patient’s overall sexual health 
and relationships.'? The objective of this evaluation is to 
identify any predisposing, precipitating, and maintaining 
factors related to the etiology of ED.* This information 
will give insight into potential psychosocial factors 
related to ED to be further evaluated as the assessment 
goes on or later in treatment. An integrated medical 
and psychosocial history will also provide context to 


understand the patient’s experience of ED within his 
broader sexual experience and life.'? From a biopsycho- 
social approach, Althof and colleagues“ recommend a 
comprehensive initial evaluation that not only examines 
the patient’s or couple’s sexual history, but also includes 
current sexual practices, relationship quality and history, 
emotional or psychological health, and any relevant 
contextual factors (e.g., young children, financial con- 
cerns, cultural beliefs). Similarly, Perelman’ highlights 
the importance of taking a thorough assessment of 
patients’ psychological and relational well-being as it 
relates to sexual experiences and current problems. This 
includes assessment of proximal (“immediate”) and 
longstanding (“remote”) causes of ED.” Proximal factors 
include current cognitions, emotions, and behaviors that 
maintain sexual problems, whereas longstanding factors 
refer to more remote causes (predisposing and/or pre- 
cipitating events) .'? Critical information may be obtained 
from assessing a patient’s developmental history for 
influences on current sexual functioning (such as sexual 
or physical abuse).** The background and sexual history 
evaluation should include any previous treatments the 
patient has sought and outcomes of treatment. Were 
they successful? Why or why not? This information may 
give insight into treatment avoidance and barriers to 
treatment success. 

Focused questions may be used to quickly identify 
potential etiological factors related to ED, which can 
then be followed up with more probing questions and 
asking patients to elaborate. Clinicians may ask patients 
to describe a recent sexual experience, which may 
readily identify immediate and remote causes of ED 
such as insufficient stimulation, fatigue, or relationship 
distress.!? It is also helpful to ask patients about their 
beliefs regarding the cause of sexual changes and 
experience of ED, psychological reactions to ED, and 
expectations for treatment. This may elicit critical 
pieces of information that can be used to inform the 
treatment plan or give insight into potential barriers to 
compliance. Addressing any factors that could lead to 
early dropout as early as possible is of course optimal. 
For example, identifying unrealistic expectations for 
what treatment will entail and addressing relevant 
concerns will increase the likelihood of treatment 
success. Follow-up clinical visits should include constant 
re-evaluations of any problematic factors identified in 
the initial visit and monitoring response to treatment 
with those factors in mind. Problematic factors that are 
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not easily resolved may signal the need to refer the 
patient to additional services or support such as sex 
therapy or counseling. 

Importantly, a patient may not spontaneously provide 
information pertaining to the psychological experience 
of ED or other relational and contextual factors that 
may turn out to be important. Patients may not perceive 
such information to be relevant, may be unable to iden- 
tify or articulate emotional reactions, or may avoid 
certain topics out of embarrassment or shame.“ Specific 
and direct questions can be used to elicit information if 
the patient is reluctant to spontaneously provide rele- 
vant information. 


Assessing for ED-related anxiety 

and depression 

Assessment of a patient’s psychological function in 
relation to ED will overlap and be integrated into the 
sexual history. Depending on the role of the clinician, 
the extent to which sexual anxieties and depression 
are evaluated may vary. Urologists, for example, do not 
usually pursue in-depth assessment of ED-related 
anxiety or depression, though sex therapists will. 
Nevertheless, as stated prior, it is important for any 
treating clinician to have at least a cursory under- 
standing of the roles anxiety and depression are cur- 
rently playing in maintaining ED. Which psychological 
factors are leading to distracted thoughts during 
sexual encounters and either implicitly or explicitly 
affecting sexual arousal? Likewise, what psychological 
factors are relevant to treatment compliance and success? 
Although some clinicians will be interested in obtaining 
a full history of the predisposing factors that led to the 
critical anxiety or depressive symptoms causing ED, it is 
only critical to know and understand the current 
psychological obstacles that are maintaining the dysfunc- 
tional process.'? Much of this information may be 
obtained through questions used during the sexual his- 
tory described above. If not, clinicians should use more 
pointed questions or standardized assessment tools 
(described at the end of this chapter). 

Negative cognitions related to ED will likely underlie 
any anxiety or depressive symptomatology that is 
observed. Assessment of these negative cognitions sur- 
rounding ED must be included in the sexual history and 
psychological assessment. Clinicians should specifically 
ask patients to describe the thoughts and emotions that 
occur before, during, and after sexual activity if not 


spontaneously provided.” Clinicians may consider the 

following questions: 

e Does the patient worry about his sexual performance 
before he is even in the sexual situation? 

e Does he engage in negative self-evaluation during or 
after the sexual experience? 

e Do these negative thoughts affect his overall self-con- 
cept and esteem in other areas of functioning? 

e Do negative thoughts occur with regularity or in 
particular situations? 

It is important to understand psychological processes 
that are distracting, reduce arousal, and maintain prob- 
lematic behaviors that affect later sexual experiences. 
All of these factors may contribute to a cycle of increasing 
performance anxiety and failure or to a pattern of avoid- 
ance. Clinicians should assess whether patients are 
avoiding sexual activity as a way to cope with distress- 
ing or anxiety-provoking thoughts and situations. 

Other personality factors may contribute to sexual 
difficulties, such as fragile self-esteem, fear of being 
negatively evaluated by others, and higher levels of 
interpersonal sensitivity. Problematic interpersonal 
sensitivity (being “too sensitive”) is characterized by a 
chronic tendency to perceive and elicit criticism from 
others and perceptions of rejection.*® The clinician will 
likely pick up on these characteristics as the therapeutic 
relationship grows without using specific questions. It is 
beyond the scope of ED treatment to try to change long- 
standing problematic personality traits, but it is helpful 
if the clinician is aware of these factors as treatment 
progresses. If problematic behaviors are causing the 
patient significant distress or dysfunction in multiple 
areas of his life, the clinician should make a referral for 
more general psychological assessment and support. 


Assessing for partner and 

relationship difficulties 

Treatment for ED must include an understanding of a 

patient’s sexual relationship(s). Clinicians should ask 

questions to explore how couples have communicated 

and coped with sexual changes thus far, and be aware of 

both partners’ expectations for ED treatment and 

recovery. Questions should assess partners’ initial 

reactions to ED and current feelings.“ The assessment 

may be guided by the following questions: 

e How does the partner feel about the patient’s ED and 
ED treatment? 

e Is the partner upset, angry, or relieved? 
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e How did the couple try to cope with changes in their 
sexual relationship initially? Were they successful? 
Why or why not? 

Assessment of these factors will help identify barriers to 

sexual rehabilitation and may help guide treatment 

strategies and/or signal a need for referral to additional 
supportive resources such as couples counseling. 

Partners often want to be helpful and supportive during 

this process but may be unsure of how best to be 

involved and supportive. The degree to which men per- 
ceive their partners as being (un)supportive will likely 
correlate with the degree of distress patients experience 
related to ED and/or adherence to ED treatment. 
Clinicians may want to invite partners to attend a 
clinical visit to share their perspectives. Partners may be 
able to provide additional information and important 
insight about the couples’ sexual relationship and 
relationship dynamics.“ When partners are present, 
providers should encourage both patients and partners 
to ask questions and also to communicate any reserva- 
tions, concerns, or fears. Supportive partners may be 
allies for both patients and clinicians to facilitate ED 
treatment adherence and successful intervention. 

Alternatively, clinicians may observe unsupportive 

behaviors or destructive interactions within a couple 

that can inform the treatment plan. Minor problems 
may be due to misunderstandings or misinformation 
and can easily be addressed through education and 
helpful suggestions by the clinician. Alternatively, the 
couple may be referred to couples’ counseling if rela- 
tionship problems are more systemic. Importantly, single 
patients may also benefit from feeling open to discuss 
their concerns regarding how ED treatment may impact 
sexual experiences with potential future partners and 
dating. Both single and partnered men may have fears of 
rejection or negative reactions from partners. Providing 
an opportunity for men to discuss their fears can provide 
insight into patients’ expectations, anticipatory anxiety 
using ED treatments during sexual experiences, or other 
potential barriers to adherence. The mere opportunity to 
voice such concerns may be beneficial to patients. 

Clinicians should also determine the nature of part- 
ners’ sexual function: 

e Does the partner suffer from low desire, genital pain, 
or other sexual problem? 

e Does the partner miss sexual intimacy? 

e Is the partner interested in or motivated to improve 
their sexual relationship? 


This information may identify potential barriers to 
treatment success and inform the treatment plan. 
Clinicians may consider educating couples about the 
use of lubrication, non-penetrative sexual activity, and 
alternative ways of maintaining intimacy. Couples are 
better able to adjust to sexual changes in their relation- 
ships when there is open, positive communication of 
mutual respect. Some couples choose to accept the 
changes caused by ED and are satisfied with non- 
penetrative sexual activity and alternative ways of 
maintaining intimacy. However, those couples seeking 
treatment are motivated to address ED and hoping for 
recovery. The clinician should encourage couples to 
discuss their concerns as they progress through 
treatment and engage in joint problem-solving to adjust 
to treatments and have satisfying sexual experiences 
for both partners. 


General psychopathology 

All patients who present with erectile difficulties should 
be screened for distress.'24* As reviewed, sexual 
dysfunction may result from depression and anxiety 
disorders. These should be considered particularly for 
men with acquired or situational ED.” Importantly, the 
clinician should at least gather enough information to 
determine whether psychiatric symptoms are the cause 
or result of the ED.” This should be done in a way that 
does not interfere with rapport. 

Depression may be evaluated by asking patients 
to describe their mood, sleep, appetite, energy, 
concentration, and outlook on the future. If depressive 
symptoms are endorsed, the severity of depression 
should be clarified. Any indication of major depression 
should be followed by an evaluation of the patient’s 
suicide risk. Again, the clinician should determine 
whether depression (or antidepressant medications) is 
causing ED or whether ED is causing depression. 
depressive 
episodes or family history of depression may help 


Obtaining information on any prior 
clarify these relations. To do this, standardized ques- 
tionnaires may be useful. Two common questionnaires 
are the Patient Health Questionnaire-9 (PHQ-9)*"* 
and the Beck Depression Inventory-II.*” The PHQ-9 is 
a nine-item measure that was developed specifically 
for the medical office to screen, diagnose, monitor, and 
measure the severity of depression in patients. It may 
be completed by the patient, or by the clinician inter- 
viewing the patient. The Beck Depression Inventory is 
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Table 14.1 Scales that measure anxiety and distress. 


Measure of Abbreviation Number Description 

psychological function of items 

Beck Anxiety Inventory BAI 21 easures the physiological and cognitive symptoms of anxiety. 
Discriminates between anxious and non-anxious diagnostic 
groups and may be used as a screening tool 

Beck Depression BDI 21 The most widely used instrument for detecting depression. 

Inventory l4? easures the intensity of depression in clinical and normal 
patients including an item that assesses suicidal ideation 

Brief Symptoms BSI 6 Designed to measure the psychological function of psychiatric, 

Inventory — Depression medical, and normal individuals. The scale includes Depression 

and Anxiety subscales** and Anxiety subscales (6 items each) 

Center for Epidemiologic CESD 20 easures symptoms that make up diagnostic criteria of a major 

Studies Depression depressive episode. Designed to be a screening test for 

Scale” depression and depressive disorder 

General Anxiety Disorder GAD y Brief screening and assessment tool to measure 

Questionnaire”! symptoms of anxiety 

Patient Health PHQ-9 9 Designed to screen, diagnose, monitor, and measure the severity of 


Questionnaire” 


one of the most widely used measures of depression 
severity. It is a 21-item measure that can also be used 
by clinicians as a depression screening tool. Alterna- 
tively, Chochinov and colleagues demonstrated that 
simply asking a patient “Are you depressed?” was at 
least as effective as using a questionnaire to assess 
depression.*° 

Anxiety disorders should also be evaluated as a 
standard part of the assessment. Situational anxiety 
such as performance anxiety should be distinguished 
from other anxiety disorders. The assessment of situa- 
tional or performance anxiety should be assessed first, 
as stated above; this type of anxiety is frequently 
present in men with ED. Generalized anxiety disorder 
may be evaluated by determining whether patients 
experience shortness of breath, racing heart, decreased 
concentration, nervousness or agitation, sleep distur- 
bances, and excessive or unrealistic fears. The Genera- 
lized Anxiety Disorder 7-item (GAD-7) scale was 
developed for use in primary care clinics and may be 
used as a screening tool to determine whether a more 
extensive assessment is indicated.” The Beck Anxiety 
Inventory may be used to screen and assess the 
severity of anxiety.” It measures both the physiological 
and cognitive symptoms of anxiety. Additional mea- 
sures of depression and anxiety are reviewed in 
Table 14.1. 


depression including the presence and duration of suicidal ideation 


Making referrals 


It is beyond the scope of clinicians treating ED to address 
longstanding psychopathology or disordered personality 
traits, though assessment of these factors will give 
insight into potential psychological and interpersonal 
causes of ED. Nevertheless, collecting at least cursory 
information on general levels of distress and mental 
health history may provide insight into patients’ pro- 
pensity for psychological difficulties, typical coping 
styles (adaptive vs maladaptive), and effective coping 
strategies that have been useful in the past and can be 
encouraged again (e.g., counseling or support groups). 
The clinician must determine whether the patient’s 
psychological functioning will permit a focused approach 
to ED treatment, whether adjunct medical or psychoso- 
cial therapy should be started with ED treatment, or 
whether ED treatment should be postponed until the 
patient’s emotional distress is under control or other 
conflicting stressors resolve.'? A mental health counselor 
or sex therapist may be able to help address underlying 
psychosocial factors related to sexual difficulties, support 
the ED treatment plan, and promote good compliance. 
Of note, patients who believe their ED is purely a med- 
ical problem or who fail to recognize their psychological 
difficulties may object to seeing a mental health coun- 
selor at first. This should be normalized and the relation 
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between ED and relevant psychosocial factors should 


be briefly explained using examples from the patient’s 


own personal and sexual history. 


Questionnaires 


Self-administered questionnaires and symptom scales 


may be valuable adjuncts to the assessment of the 


psychological assessment of ED. Table 14.1 lists some of 


the most common scales that assess anxiety and depres- 


sion. A thorough assessment of published scales on male 


sexual dysfunction has been made by Rosen and 


Nelson.” 
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Nocturnal penile tumescence study 


Chi-Ying Li’, Stephen Larsen’, and Tet Yap? 
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? St George's Hospital, London, UK 


Introduction 


Nocturnal penile tumescence (NPT) is spontaneous 
penile tumescence occurring during sleep, and typically 
associated with rapid eye movement (REM) sleep. 

The exact physiological mechanism underlying NPT is 
not known, but various mechanisms have been hypoth- 
esized. These include centrally mediated mechanisms 
whereby reduction of inhibitory supraspinal control of 
the spinal pathways during REM sleep (including the 
noradrenergic neurons of the locus ceruleus, which are 
inhibitory to penile erection) results in increased NPT.! 

During REM sleep NPT has been hypothesized to be 
due to modulation from the lateral preoptic area of the 
forebrain, which coordinates the spinal erectile mecha- 
nism mediated by descending excitation from the para- 
ventricular nucleus and the removal of descending 
inhibition, as demonstrated by lesion experiments in 
the lateral preoptic area in the forebrain.’ 

Clinical studies have also pointed to the role of spinal 
regulation, in showing that the isolated thoracic cord is 
less effective than the isolated cervical cord in maintain- 
ing NPT. Furthermore, despite the presence of NPT, psy- 
chogenic or reflexogenic erectile function in spinal cord 
injured men is significantly impaired.’ 

In contrast to our knowledge of the physiological 
processes underlying erection at the peripheral level, 
the physiological process of NPT and its association with 
REM sleep is relatively unknown. 

NPT monitoring was first documented in the 1940 in 
infants,* and subsequently Karacan et al.* demonstrated 
that 80% of NPT occurred during REM sleep. The total 
NPT peaks at the age of puberty, when tumescence may 
occur as much as 20% of the total sleep time. 


Initially NPT studies were conducted by psychologists 
to study sleep and dreams; subsequently, NPT has been 
used to differentiate psychogenic causes of erectile 
dysfunction (ED) from organic ED. 

Indications for NPT monitoring include:° 
1 Suspected psychogenic ED and to differentiate from 

organic ED. 

2 Non-response to ED treatment therapy, with or without 
planned subsequent surgical intervention. 

Excluding causes of ED. 

Medicolegal. 

Measurement of drug effects in clinical trials. 
Suspected sleep disorders. 


au &® WwW 


Investigation 


In its classic form, NPT study consists of a nocturnal mon- 

itoring device that measures the number of tumescence 

episodes during sleep, duration of each erection, penile 

circumference change, and maximal penile rigidity.’ 
NPT has been measured by a variety of methods,® 

including: 

l Stamp test (Barry et al. 1980). 

2 Snap gauges (Diedrich et al. 1992). 

3 Sleep laboratory nocturnal penile tumescence and 
rigidity (NPTR). 

4 RigiScan® (Endocare Inc., Irvine, CA). 

5 NPT electrobioimpedence volumetric assessment 
(NEVA™; American Medical Systems, Minnetonka, 
MN; which has now been acquired by Boston Scientific. ). 


Stamp test 
The postage stamp test is a low-cost, simple screening 
test that can be carried out in the home. Postage 
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stamp(s) are wrapped around the flaccid penis and 
pasted or fastened at bedtime. If the stamps are found 
broken in the morning, presumptions are made that 
nocturnal erection (s) have taken place, whereas lack of 
such a finding suggests the absence of NPT and thus the 
cause of ED is presumed to be organic. 

The drawback of the stamp test is that it has limited 
diagnostic value as it only indicates the probable ability 
to obtain nocturnal erection without any further 
information on number of episodes, duration of each 
episode, penile circumference change, or rigidity. 


Snap gauges 
A similar concept in NPT monitoring is the snap-gauge 
band. This consists of pre-set snap-gauges with different 
release-force constants applied around the penile shaft. 
The ability of the nocturnal tumescence to break the 
band measures not only the ability to have nocturnal 
tumescence but also the force/rigidity of the erection. 
Previous studies using the snap-gauge band tested 
simultaneously with recording of nocturnal penile 
tumescence measuring penile rigidity has demonstrated 
that the snap-gauge band is relatively reliable and 
inexpensive compared to the RigiScan® Plus and has a 
role as a screening device in evaluation of ED.”?° 


Sleep laboratory nocturnal penile 
tumescence and rigidity 

Traditionally studies of NPT were conducted by psychol- 
ogists to study sleep/dreams disorders. NPT was measured 
in conjunction with electroencephalography, electro- 
oculography, and electromyography (EMG) with nasal 
air flow and oxygen saturation to confirm that patients 
were in the REM sleep phase. Sleep movement patterns 
were also monitored as periodic limb movement disorders 
are associated with abnormal NPT. 

The patient is awakened during maximal tumescence 
and the erection is quantified with measurement of 
penile axial rigidity using a device applied to the tip of 
the penis. A buckling resistance of 500g is considered 
the minimum force required for vaginal penetration, 
while a buckling resistance of 1500g is considered 
complete rigidity. 

Clinicians using NPT studies to differentiate psycho- 
genic from organic ED in a sleep laboratory have used 
mercury strain gauges to measure NPT. These have a 
reported accuracy of 85-90%, and measure penile 
expansion but not rigidity. This can be overcome by 
direct visual inspection with subsequent measurement 
of buckling force/axial rigidity. 


This method of direct visual monitoring together with 
NPT study and EEG confirmation of REM sleep is con- 
sidered the most accurate but also the most expensive 
method of evaluating NPT. 


RigiScan® 
RigiScan® was introduced in 1985 as the first apparatus to 
provide automated NPT measurement. It consists of a small 
portable recording device that is able to collect data for 
three nights, for a maximum duration of 10 hours each 
night. It has the advantage of being performed at home 
when sleep is more likely to be normal, thus reducing the 
risks of false-positive NPT tests frequently associated with 
the laboratory-based NPT studies, where normal sleep may 
be difficult under an artificial laboratory environment. 

The device consists of two loops, one placed at the 
base of the penis whilst the other is placed at the coronal 
sulcus. The loops are constricted, thus measuring penile 
circumference and radial rigidity at both the base and 
the tip (coronal sulcus). 

A measurement is taken for 15-20 minutes with the 
patient awake to establish the individual’s baseline; subse- 
quently the penile rigidity is registered every 3 minutes by 
constricting the loops, applying a radial compression of 
2.8N. If the base detects a circumference increase of more 
than 10mm, sampling is increased to every 30 seconds. 

The device combines the measurement of: (i) number of 
erection episodes; (ii) duration of each event; (iii) penile 
circumference changes; and (iv) maximal radial penile 
rigidity. 

The range of normal parameters includes: 

e Between 3-6'! and 4-5 erectile episodes per night.'? 

e Duration on average from 10 minutes’ to 10-15 
minutes per erection episode,'! to a duration of more 
than 30 minutes in total.'” 

e An increase in circumference of >3 cm at the base and 
>2cm at the tip/coronal sulcus.'” 

e A maximum rigidity of >70% at both base and tip/ 
coronal sulcus” or rigidity of >60% at the tip/corona 
sulcus.” Rigidity of >70% represents a normal non- 
buckling erection and a rigidity of <40% represents a 
flaccid penis. 

e Recorded on at least two consecutive nights.'? 
Previous studies have questioned the use of radial 

rigidity as opposed to axial rigidity as a measurement for 

erectile function,’ and the validity of using radial 
rigidity of greater than 60% as a cut-off of normal. 

Other study’? has confirmed that radial rigidity mea- 

sured by RigiScan® correlated well with axial rigidity. 

However, when radial rigidity exceeded 60% of 
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maximum, there was a poor correlation between radial 
and axial rigidity. The RigiScan® failed to discriminate 
axial rigidities of between 450 and 900g of buckling 
force, and since traditionally an axial rigidity of 500- 
550g is considered adequate for vaginal penetration, 
the RigiScan® may not be able to detect mild abnormal- 
ities in erectile function. Therefore using a cut-off of 
radial rigidity in excess of 60% of maximum should be 
interpreted cautiously. 


Previous studies!® have found considerable variations in 
individual responses over three nights in healthy volunteers 
without a history of ED. Therefore a nomogram has been 
developed to allow rapid computerized comparison of 
NPT study results. This utilizes the principle of “area under 
the curve” measurements,” expressed as tumescence 
activity units (TAU) and radial activity units (RAU). An 
example of a normal NPT trace is shown in (Figure 15.1) 
and an abnormal trace is shown in (Figure 15.2). 
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Figure 15.1 A normal NPT trace. 
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Figure 15.2 An abnormal NPT trace. 
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NPT electrobioimpedence volumetric 
assessment (NEVA™) 

The newest addition to NPT testing is NEVA™. This 
measures electrobioimpedance to assess volumetric 
changes in the penis during NPT. A small recording 
device is attached to the patient’s thigh and three small 
electrode pads are applied to the hip, the base of the 
penis, and the glans penis. 

An undetectable alternating current is sent from the 
glans electrode to the hip ground. The penile base elec- 
trode measures impedance and changes in penile length: 
the impedance decreases as the cross-sectional area of 
the penis increases with nocturnal tumescence.'® 

This has been used to measure parameters of NPT 
including: (i) number of erection episodes; (ii) duration of 
each episode; and (iii) changes in penile length and blood 
volume in both healthy volunteers and patients with ED. 
The mean volume change in 10 controls was 213%/14.4mL. 

The NEVA™ system can be used to document NPT, but 
the relationship between volume changes and rigidity 
needs to be further quantified, although previous study 
using an erectometer has demonstrated close correlation 
between penile circumference changes and rigidity. ° 


Conclusion 


The main advantage of NPT study is its utility in distin- 
guishing psychogenic from organic ED. The presence of 
NPT indicates that the neurovascular axis is functionally 
intact and that the cause of ED is most likely psychogenic. 
The main disadvantage of NPT studies is their cost, as 
they are ideally performed with a RigiScan® in a specially 
equipped sleep laboratory with trained observers. 

Due to diagnostic uncertainties associated with 
various NPT tests, NPT testing is not recommended as 
a routine part of ED evaluation. Nevertheless, NPT 
assessment remains the single best non-invasive method 
to differentiate between organic and psychogenic ED. 
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CHAPTER 16 


Psychosexual therapy for male 


sexual dysfunction 


Angela Gregory 
Nottingham University Hospital, Nottingham, UK 


Introduction 


It was not until the 1960s that the pioneering work of 
Dr William Masters and Dr Virginia Johnson began to 
expand our knowledge and understanding of human 
sexual functioning. In laboratory conditions they 
observed, monitored, and assessed individuals and cou- 
ples engaging in sexual activity. Their research formed 
the basis of a model of human sexual response that is 
still widely accepted today.' This model identified four 
distinct phases and described the physiological changes 
that occurred in each phase. They believed that sexual 
difficulties occurred due to breaks in the sexual response 
cycle, and designed a treatment approach called “sen- 
sate focus” to address them.’ At the time, problems with 
sexual function were widely believed to be psychological 
in nature, and perhaps the most frequently used and 
widely adopted diagnostic criteria for a range of sexual 
disorders can be found in the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5).? 

Beliefs and assumptions about the etiology of erectile 
dramatically changed with the 
approval of Viagra (sildenafil) on March 27th, 1998, fol- 


dysfunction (ED) 


lowed by Cialis (tadalafil) and Levitra (vardenafil) in 
2003. As well as enhancing the sexual performance of 
millions of men around the world, the impact on the 
pharmaceutical industry and the medical research 
generated by the launch of these drugs was equally 
dramatic. This research provided a wealth of knowledge 
about comorbid conditions such as diabetes and 
established the link between erectile dysfunction 
and cardiovascular disease. Whilst the era of the 


phosphodiesterase type 5 inhibitors (PDE5i) revolution- 
ized the sex lives of men and their partners, some have 
argued that it also medicalized sexual functioning and 
led to the psychological/behavioral/interpersonal and 
contextual aspects of sexual function being ignored.* 
More recently, however, there has been increasing 
acknowledgment of the multi-faceted nature of erectile 
dysfunction including the importance of the couple 
relationship in the success of treatment interventions. 
As Masters and Johnson stated, “there is no such thing 
as an uninvolved partner in a relationship where sexual 


dysfunction exists.”? 


Psychosexual therapy 


Sex therapy today is a specialized form of psycho- 
therapy that draws on an array of technical inter- 
ventions known to effectively treat male sexual 
dysfunction.’ It comprises cognitive/behavioral inter- 
ventions, systems/couple interventions, and some- 
times psychodynamic/psychoanalytic interventions. 
For men with erectile dysfunction, psychotherapeutic 
approaches combined with oral medication may provide 
the most comprehensive and promising treatment, 
regardless of etiology.°® 

A predominantly behavioral sex therapy program 
comprises of:” 
e Assessment/history taking (treatment goal) 
e Education 
e Formulation 
e Treatment. 
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Assessment/history 

The main focus of assessment/history taking is to iden- 
tify whether a sexual difficulty is lifelong or acquired, 
generalized or situational. It focuses on highlighting 
the relevant predisposing, precipitating (“triggering 
events”), and maintaining factors. Predisposing factors 
relate to any negative experiences during childhood or 
teenage years that could make a person vulnerable to 
developing a sexual difficulty in later life. Precipitating 
factors, or “triggering events,” are related to what was 
happening at the time sexual problems began apparent, 
for example, redundancy, bereavement, divorce, com- 
mencing medication, surgery, or illness. It is important 
to ask patients what they first noticed, how the sexual 
problem developed, and the context in which it is expe- 
rienced. Identifying current maintaining factors helps 
explain why problems persist long after the original pre- 
cipitating event. Asking specific and detailed questions 
can highlight maintaining factors relatively easily and 
can be employed in a variety of clinical settings. For 
example, a common maintaining factor for men with 
erectile dysfunction is avoidance of sexual intimacy, 
which if identified, can be addressed during treatment. 
It should be noted, however, that in some complex cases 
therapy or counseling may need to focus on the predis- 
posing or precipitating events, if emotional issues related 
to these remain current. Examples could be childhood 
sexual abuse or bereavement. 


Masturbation 

Research suggests that many people masturbate, yet its 
role is often neglected by researchers and healthcare 
professionals alike.*® Of all the sexual practices it 
remains one that few enquire about or discuss.'° Over 
20 years ago Perelman reported that in his clinical expe- 
rience masturbatory frequency and technique were 
often implicated in difficulties with male sexual desire, 
erection, and ejaculation and that specific details 
about masturbation provide a wealth of diagnostic 
information." 


Erectile dysfunction 

Questions about masturbation can identify whether a 
man’s ED is situational which helps to diagnose whether 
it is primarily psychogenic in nature. Accessibility to 
online hard core pornography can result in high- 
frequency masturbation and negatively impact on a 
man’s ability to become sufficiently aroused during 


partnered sex. Some men also masturbate in an attempt 
to “test out” their erectile responses, paying little 
attention to feelings of sexual desire or arousal thus 
leading to further failure. 


Premature ejaculation 

Asking about masturbatory technique can help identify 
if a man has learned any control of his arousal during 
self-stimulation. Questions about speed of stimulation, 
privacy, and pornography use can help identify factors 
potentially creating heightened physiological and psycho- 
logical responses that could “trigger” early ejaculation 
and highlight whether a masturbatory retraining 
program would be beneficial. The focus of retraining is 
to help gain more control of arousal with an emphasis 
on physiological relaxation and changes to the type and 
nature of the stimulation. Whether this approach is 
appropriate due to cultural or religious reasons needs to 
be established. 


Delayed ejaculation 

If a man experiences problems with ejaculation during 
partnered sex, it is essential to find out about his ability 
to ejaculate during masturbation. If there are no issues 
with self-stimulation then questions relating to fre- 
quency and pornography use need to be asked. Highly 
arousing material and/or vigorous stimulation can 
result in a man finding it difficult to achieve similar 
arousal/stimulation during partnered sex. Asking about 
masturbatory technique can also identify an idiosyn- 
cratic style that includes very specific stimulation or a 
physical position unlikely to be experienced during 
sexual intercourse, thus making it difficult to achieve 
sufficient levels of sexual arousal to facilitate orgasm 
and ejaculation. Such detail can provide valuable 
information for inclusion into a masturbatory retraining 
program. 


Relationship 

Questions should focus on current levels of affection 
and intimate or sexual activity. These identify issues of 
avoidance and provide clarification for the appropriate- 
ness of treatment suggestions given to a couple in the 
form of homework assignments. Those who have expe- 
rienced long periods of intimate or sexual abstinence 
generally require more psychological/pharmacological 
input to re-establish a satisfying sexual relationship, 
which can takes weeks or even months in some cases.° 


Psychosexual therapy for male sexual dysfunction 135 


Exploration of a couple’s general relationship can estab- 
lish whether there is significant relational distress that 
could impede behavioral and/or pharmacological 
treatment, and can highlight whether a couple need to 


access relationship counseling. 


Negative behaviors 

Negative behaviors can arise as a consequence of sexual 
difficulties. Common behaviors include apologizing 
during sexual activity, arguments as the result of failure, 
avoidance of any intimate or sexual activity, “testing 
out” erectile responses, and rushing or avoiding foreplay 
due to the fear that an erectile response will be short 
lived, which can in turn “trigger” a secondary problem 
with premature ejaculation (PE). In general, negative 
behaviors lead to further failure and dissatisfaction, 
increase performance anxiety, and create relationship 
distress. Negative behaviors will often contribute to the 
maintenance of sexual difficulties, and explaining their 
role provides the rationale for behavior change. 


Previous treatments 

Questions about any previous treatments, psychological 
or pharmacological, are important. If PDE5 inhibitors 
have been prescribed, then detailed questions should be 
asked about which medications were tried, at what 
dose, how many were taken, the context in which they 
were used, and what response was achieved. The 
answers will highlight what needs to be addressed to 
optimize future success. A lack of education, inadequate 
dosing, insufficient medication, negative side effects, 
unrealistic expectations, performance anxiety, or part- 
ner’s response are some of the many for reasons for 
failure. In the current climate of the UK’s National 
Health Service (NHS), where cost is often the para- 
mount consideration, the cheapest PDE5i is commonly 
prescribed. However, several sponsored and non- 
sponsored studies have investigated whether patient/ 
couples prefer one drug over another once they have 
been offered the opportunity to try them all over a 
reasonably long period. A recent literature review 
(2000-2010) of patients’ preference studies concluded 
52-65% preferred tadalafil compared to vardenafil 
(12-20%) and sildenafil (8-30%). The reasons for the 
preference were mainly due to the longer duration of 
action and increased spontaneity.'* Spontaneity reduces 
performance anxiety as the patient can take a tablet well 
ahead of any hoped for, expected, or planned sexual 


activity. Therefore it is essential that patient preference 
should be taken into consideration. 


Medical history 

Sexual dysfunction is often multi-factorial therefore it is 
necessary to identify all maintaining factors including 
organic causes and prescribed medications. As ED and 
coronary artery disease (CAD) frequently coexist, ED 
may be an early warning sign for occult CAD, giving a 
window of opportunity for CAD risk reduction of 2-5 
years.” There is evidence that regular physical activity 
and weight loss can significantly improve erectile 
function, improve the efficacy of PDE5 inhibitors and 
reduce the risk of cardiovascular diseases/events."* 


Context 

Contextual factors can contribute to or help maintain 
sexual difficulties; examples such as work-related stress, 
disability, financial worries, shift work, or caring for 
family members may be relevant. Assessing the impact 
these have on the individual/couple is important, 
especially in relation to the quality time a couple have 
to spend together. 


Goal setting 

Discussing the goal of treatment allows the therapist to 
ensure that the outcome the patient expects is realistic 
and achievable, it also identifies what treatment interven- 
tions are necessary and the level of time and motivation 
required from the individual or couple. 


Education 

Education is an essential aspect of sex therapy as it helps 
patients understand how the body works, normalizes 
some of their experiences, especially around age-/dis- 
ease-related changes, and highlights possible reasons for 
unsuccessful pharmacological treatment. It also pro- 
vides an opportunity to explain the role of performance 
anxiety, common in both organic and psychogenic 
erectile dysfunction. Performance anxiety is the fear of 
future sexual failure based on previous failures; it inter- 
feres with sexual arousal, distracts from sensual feelings, 
undermines sexual self-confidence, and ultimately 
contributes to sexual avoidance.'* 

Myths and assumptions about sexual performance 
are perhaps the most negative influences on male satis- 
faction.” Identifying and challenging these myths is an 
important aspect of the therapy process because it 
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provides an opportunity for discussion about “normal” 
sexual functioning. Over the past few years there has 
been an explosion of online hard core pornography that is 
influencing and educating people about what is “normal” 
and creating a cultural context to which they aspire and 
judge themselves against. This presents serious challenges 
for healthcare professionals and therapists alike. 

In the author’s opinion providing education as part of 
the assessment process can sometimes prevent the need 
for more formal therapy as described below. 


Formulation 

This has four main purposes: 

1 It provides the rationale for the treatment approach. 

2 It should provide the couple or individual with 
further understanding of their sexual difficulties. 

3 It can encourage a sense of optimism about the 
outcome of treatment. 

4 It enables the therapist to check that the information 
obtained during the assessment has been correctly 
understood. 


Treatments 


Sensate focus 

This is perhaps the most widely known behavioral 

treatment for sexual dysfunction. It provides: 

e A structured approach that allows a couple to rebuild 
their intimate and sexual relationship gradually, 
which is important when a couple have not been 
intimate or sexual for some time. 

e Specific techniques for a couple or individual to deal 
with particular problems. 

Depending on the outcome of the assessment process 
and identification of maintaining factors, couples are 
given specific relaxing/sensual and/or erotic/sexual sug- 
gestions to be carried out at home on a regular basis. 
They are usually asked to abstain from sexual intercourse 
as this reduces the inhibitory role of performance anxiety 
and maximizes relaxation and arousal. Ideally therapy 
should be flexible and creative, giving couples a choice 
over what they want to do or feel comfortable with. With 
established couples, finding out what they did together 
before the onset of the sexual problem is a good way of 
ensuring that homework suggestions are appropriate for 
them. With individuals who are in a relationship but 
whose partner cannot attend, then they should be asked 
to discuss this approach with their partner. 


The rationale for suggesting sensate focus is that 
behaviors that elicit positive emotions and feelings are 
likely to be continued and repeated, whilst behaviors 
that evoke negative emotions and feelings are likely to 
be avoided. 


Erectile dysfunction: case examples 
using sex therapy techniques 


According to DSM-5 Erectile Dysfunction is defined as 
“the persistent or recurrent inability to achieve and/or 
maintain an erection sufficient for satisfactory sexual 
activity that has persisted for at least 6 months, experi- 
enced 75%-100% of the time and caused significant 
distress.”* 


Psychogenic erectile dysfunction 

This is a physical problem that is emotional or 
psychological in origin; performance anxiety related to 
the “fear of failure” and a loss of sexual self-confidence 
is the most common cause. Performance anxiety leads 
to what is described as “spectatoring.” This means that 
during sexual contact the man’s focus is on mentally 
monitoring his performance (or lack of) rather than on 
pleasure and sexual cues, this detracts attention from 
the pleasurable aspects of sexual activity, making 
it difficult to achieve and maintain arousal. From a 
physiological perspective, anxiety or stress can stimulate 
the production of norepinephrine/epinephrine, which 
has an inhibitory impact on sexual arousal.‘ 


Case study: The use of psychosexual therapy 

for a man presenting with psychogenic erectile 

dysfunction (Box 16.1) 

Assessment identified: 

Predisposing factors: Lost his erection when he first 
attempted sexual intercourse aged 16 years. His 
partner told everyone about it via Facebook; he felt 
humiliated and ashamed and as a result he stopped 
socializing and avoided sexual relationships. 

Precipitating factors: At 19 years he met his new girl- 
friend; he couldn’t get an erection for sexual 
intercourse but he had no problems with masturba- 
tion. He felt the medication his GP prescribed did not 
make any difference to his erections but admitted he 
only tried it on two occasions. 

Maintaining factors: Performance anxiety, loss of sexual 
confidence, his girlfriend gets upset because she 


Psychosexual therapy for male sexual dysfunction 137 


Box 16.1 Case study: James 19 years 


New relationship of 3 months. 

Difficulties gaining and maintaining an erection for 
sexual intercourse but no difficulties with masturbation. 
Worried his relationship will end because of his 
erection problem. 

His GP prescribed 4 x sildenafil 50mg. 

As treatment was unsuccessful his GP referred him to 
an NHS Psychosexual Clinic. 

James said he felt humiliated by his first failure at 16 
years and that it prevented him from having another 
sexual relationship until he met his current girlfriend. 

He was afraid she would leave him, was constantly 
worried about his lack of erections, and said he often 
avoided attempting sexual intercourse. He went to see his 
GP, who had reassured him that his ED was psychological 
and prescribed a PDESi. When the medication didn’t 
work, he felt “useless” and worried there was something 
seriously wrong. His girlfriend was invited to attend with 
him but James felt she would be “too embarrassed.” His 
goal was to have successful sexual intercourse. 


thinks he doesn’t find her attractive, generalized 
anxiety, masturbatory frequency (four times per 
day) often with pornography for added arousal. 

Situational 


Preliminary diagnosis: Psychogenic 


Erectile Dysfunction 


Treatment 

The nature of psychogenic ED, and the role of 
performance anxiety and inhibitory function of norepi- 
nephrine/epinephrine was discussed, as was the poten- 
of his 
pornography habit. The treatment plan (Box 16.2) was 


tially negative impact masturbatory and 
negotiated and a follow-up appointment arranged for 4 
weeks hence. 

When he returned to the clinic James had not used 
pornography for 4 weeks although he had masturbated 
on two occasions. He was getting good erectile responses 
with his girlfriend but was still very anxious about 
attempting sexual intercourse. He was prescribed 
tadalafil 20mg x8 as its longer half-life would allow for 
spontaneity and frequency, both of which were impor- 
tant for James. At his appointment 4 weeks later he was 
enjoying regular sexual intercourse both with and 
without medication. He was given a further prescription 
and a review appointment was booked. The overall aim 


Box 16.2 "A Man with a Plan” (4 weeks) 


e Discuss plan with his girlfriend. 

e Sensate focus — No attempt at sexual intercourse but 
kissing, cuddling, mutual masturbation, and oral sex 
included. 

e Abstain from masturbation and pornography use. 

Pelvic floor exercises. 

e Lubricant. 


was to reduce the need for medication as his sexual 
confidence grew and the role of performance anxiety 
diminished. 


Organic erectile dysfunction 

Sex therapy can be useful for men with organic erectile 
dysfunction if psychological/behavioral/relationship or 
contextual factors are helping to maintain the sexual 
dysfunction and negatively impact on the success of 
PDE5 inhibitor treatment. In the case below, diabetes is 
likely to be the primary maintaining factor; however, 
other factors may explain why treatment with PDE5 
inhibitors failed, and addressing these during therapy 
could optimize efficacy. 


Case study: Example of the use of psychosexual 
therapy for a man presenting with organic erectile 
dysfunction (Box 16.3) 

Many men do not try sufficient medication before they 
cease using it and what they require is better education 
in order to manage their expectations, encourage 
partner involvement, and improve the sensual/sexual 
context. McCullough et al. showed that about one-third 
of patients need to try at least six to eight doses before 
they can more accurately assess their response.'® 
Similarly the NHS Diabetes Factsheet 33 recommends 
that men with diabetes should be treated for 3 months 
or daily dosing for 2 months at maximum dose before 
being deemed non-responders.'” This case study also 
highlights the importance of enquiring about a partner’s 
sexual experience. In women, dyspareunia can be 
related to a lack of arousal, reduced lubrication, infre- 
quent sexual intercourse, and pelvic floor hypertonicity. 
However, the most frequent cause in post-menopausal 
women is vaginal atrophy, which can be treated with 
local estrogen preparations.'* For post-menopausal 
women who are unsuited for local estrogen treatment, 
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Box 16.3 Case study: Simon 54 years and Kim 49 years 


e Diagnosed diabetic 5 years ago. 

e CAD risk assessment carried out by GP. 

e Simvastatin 20mg. 

BP 140/80. 

e Testosterone 16nmol/L. 

Unsuccessfully treated with sildenafil, tadalafil, and 
vardenafil. 

e Married for 30 years 

e Referred from Urology to an NHS Psychosexual Clinic. 
Simon and his wife had not had successful sexual 
intercourse for 4 years. Kim said he avoided being 
intimate with her even though she had told him that 
what she missed most was kissing and cuddling. His GP 
prescribed sildenafil 50mg; he tried one tablet, didn’t tell 
Kim, and attempted intercourse without any prior 
discussion or foreplay. She experienced dyspareunia 
(painful intercourse) and he lost his erection. He 
subsequently tried tadalafil 20 mg x 2 with the same 
results and described himself as a “total failure.” His GP 
had then prescribed him vardenafil 20mg but he 
admitted he had yet to try it. 


a non-hormonal vaginal moisturizer like Hyalofemme® 
or Replens™ should be suggested. These products help 
rehydrate the vagina and can be used alongside lubri- 
cant. Silicone/oil-based lubricants such as Sylk, Yes, and 
TLC make penetration easier and more comfortable. 


Assessment identified: 

Predisposing factors: Nothing highlighted at initial 
assessment. 

Precipitating factors: Diabetes and medication effects. 

Maintaining factors: Diabetes, medication, performance 
anxiety, loss of sexual confidence, avoidance of 
intimacy/sexual activity, his masturbatory habit 
(frequently “testing” out his erectile responses), his 
wife’s experience of dyspareunia during previous 
attempts at penetration. 

Preliminary diagnosis: Secondary Mixed Erectile 

Dysfunction 


Treatment 

A treatment plan (Box 16.4) was negotiated and a 

follow-up appointment arranged for 4 weeks hence. 
When they returned to the clinic Simon was getting 

very good erectile responses during sexual intimacy, he 

was also experiencing a return of morning erections and 


Box 16.4 “A Man with a Plan” (4 weeks). 


Sensate focus — Re-establish intimacy, lots of kissing, 
cuddling, and touching. But no attempt at sexual 
intercourse. 

e Medication x2 per week or daily dosing. 

e General exercise advice. 

Pelvic floor exercises 

Self-hypnosis CD for confidence. 

Lubricant/vaginal moisturizer discussed with Kim, and 
medical assessment suggested. 


Kim was feeling much happier. It was decided that they 
would continue with the plan (Box 16.4) for another 
4 weeks, but if Simon was feeling sexually confident they 
would attempt intercourse prior to their next appoint- 
ment. However, a discussion also took place regarding a 
strategy for dealing with ED should it recur — that is, they 
would continue to be loving and intimate with each 
other and not revert to previous negative behaviors. 

These case studies highlight the importance of 
patient motivation, and a good quality relationship 
where both partners desire a satisfying sexual life 
with no barriers preventing them from making use of 
medical interventions. Men/couples with complex 
maintaining factors or health issues may require 
more in-depth psychotherapeutic interventions than 
the ones described above. 


Pelvic floor exercises in treating 

sexual dysfunction 

Pelvic floor exercises were taught in both of the case sce- 
narios, and in the author’s clinic this is routine procedure. 
The four functions of the male pelvic floor are: 

e Support abdominal contents 

e Maintain urinary/fecal continence 

e Allow elimination of urine and feces 

e Important role in sexual activity. 

Among the multiple factors involved in the presence 
of sexual dysfunction, the pelvic floor appears to 
have an important influence, although its exact role is 
unclear.” Contractions of the ischiocavernosus muscles 
produce an increase in the intracavernous pressure and 
influence penile rigidity. Rhythmic contractions of the 
bulbocavernosus muscle propel the semen down the 
urethra resulting in ejaculation.” In a small randomized 
study carried out by Dorey et al., evidence showed that 
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pelvic floor muscle exercises were significantly effective 
for some men with erectile dysfunction.”! Pelvic floor 
exercises have also been reported in the treatment of 
premature ejaculation. La Pera and Nicestro published 
their findings that 61% of patients with PE reported that 
they were better able to control the ejaculatory reflex 
after 15-20 sessions of pelvic floor rehabilitation.” 


Ejaculatory dysfunction 


After erectile dysfunction the most common male 
sexual dysfunction is premature ejaculation, although 
delayed ejaculation is also common in the author’s 
clinical setting. Medical and therapeutic interventions 
exist, but there is no first-line treatment for either type 
of ejaculatory dysfunction, and men should be assessed 
and treated on a case-by-case basis. 


Premature (early) ejaculation (PE) 

DSM-5 defines this as “ejaculation which occurs prior to 
or within one minute of vaginal penetration and an 
inability to delay ejaculation that has persisted for at 
least 6 months, occurs 75%-100% of the time and 
causes significant distress.”*? The International Society 
for Sexual Medicine 2010 also includes the addition of 
“avoidance of sexual intimacy” in their definition of 
premature ejaculation.” 

Currently a number of selective serotonin reuptake 
inhibitors (SSRIs) are used off-label in long-term daily 
dosing regimens to treat PE.” In the author’s experience 
the results are variable, with some men experiencing 
significant improvement whilst others experience little 
or no improvement and/or unpleasant side effects. 


Table 16.1 Checklist for assessment of premature ejaculation (PE). 


Maintaining factors for PE 


In 2013, Priligy (dapoxetine), an SSRI with a short half- 
life, was licensed specifically to treat PE. In terms of top- 
ical treatments a mixture of prilocaine and lidocaine has 
also been shown to improve ejaculatory latency and 
control.” Pharmacological treatment options should be 
discussed with patients and considered in conjunction 
with sex therapy; as there is a general consensus that 
the latter offers additional benefits for patients with 
PE.” The checklist in Table 16.1 can be useful for identi- 
fying some common maintaining factors for PE and 
indicates which behavioral/psychological interventions 
may be of benefit. 

An individualized masturbatory retraining program 
that takes into account specific details gained during 
assessment can be suggested. Breathing and pelvic 
floor relaxation techniques should be taught as these 
can help men learn more conscious control over their 
feelings of sexual arousal and excitement.” 

A masturbatory retraining program for men with PE 
includes varying physiological and psychological stimu- 
lation using a variety of techniques, useful for learning 
control of sexual arousal during self-stimulation. Once 
learnt, such techniques can then be applied to controlling 
arousal during partnered sex.” Due to cultural or reli- 
gious reasons this intervention may not be acceptable or 
appropriate for some men. 


Delayed ejaculation (DE) 

The DSM-V defines this as “a marked difficulty or 
inability to achieve desired ejaculation despite the 
presence of adequate desire, arousal, and stimulation.” 
The difficulty needs to occur 75-100% of the time, for a 
period of at least 6 months and cause significant dis- 
tress.’ The checklist in Table 16.2 highlights many of the 


Behavioral/psychological interventions 


Frequency of sexual intercourse 
Pornography use 

Masturbatory technique 

Glans hypersensitivity 

Lack of experience and sexual skills 

PE is secondary to erectile dysfunction (ED) 
Relationship distress 

Generalized anxiety 

Withdrawal from opiates 


Explore reasons why? Increase frequency? Sensate focus 

Reduce or abstain 

Masturbatory retraining program 

Lidocaine, regular massage of glans 

Masturbatory program, sensate focus, time 

Treatment for ED should be initiated, relaxation techniques, sensate focus 

Couple counseling, sensate focus 

Cognitive behavioral therapy (CBT), self-hypnosis, relaxation techniques, yoga, exercise 
Education and time before considering any of the above 
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Table 16.2 Checklist for assessment of delayed ejaculation (DE). 


Maintaining factors for DE 


Behavioral/psychological interventions 


Excessive masturbation/pornography use 

Idiosyncratic masturbatory style 

Never masturbated to orgasm/ejaculation 

Lack of relaxation — “Trying too hard” 

Lack of arousal — “Trying too hard” 
Consciously/unconsciously slowing down or stopping 
arousing stimulus during masturbation or sexual intercourse 
Problems with retracting foreskin 


Overly focused on a partner's sexual pleasure 


Reduce or abstain 

asturbatory retraining program 

asturbation program focusing on arousal 

General relaxation techniques, sensate focus 

Experimentation with arousal, stimulation techniques, sensate focus 
Speed up stimulation 


Encourage movement during self-stimulation, regularly massage foreskin back 
during washing using water-based emollient or lubricant. If psychological 
response is phobic avoidance then CBT desensitization may be necessary 
Education, explore ways of increasing the man’s arousal during sexual 


Psychological factors (fear of pregnancy, guilt, religious/ 
cultural beliefs) 
Medication (SSRIs) 


Alcohol 


maintaining factors associated with DE and identifies 
some possible treatment interventions. 

Men who find it difficult to retract their foreskin dur- 
ing masturbation or penetration require a clinical 
assessment, and those with primary delayed (or absent) 
ejaculation in all situations should be investigated to 
exclude any organic causes. However, the most common 
presentation in the author’s clinical practice are men 
who can orgasm and ejaculate during masturbation but 
not during partner sex. In such cases, masturbatory fre- 
quency, pornography use, or an idiosyncratic masturba- 
tory style are often significant maintaining factors. If an 
idiosyncratic masturbatory style is identified then a 
masturbatory retraining program can be initiated, which 
incorporates a position and stimulation that more 
closely reflects penetration. Retraining takes time and 
needs to be carried out regularly to challenge the well- 
established conditioning nature of the previous stim- 
ulus. Again, however, this would not be an option for 
men who do not wish to engage in self-stimulation for 
cultural or religious reasons, for instance. Other men 
with DE get into the habit of “trying too hard” to ejacu- 
late during intercourse, which negatively impacts on 
both relaxation and arousal and establishes a pattern of 
performance anxiety with similar inhibitory effects to 
those experienced by men with ED. Clear boundaries 
about stopping penetration before it becomes “hard 


intimacy, direct penile stimulation, sensate focus 
Psychotherapy, counseling, sensate focus 


Education about medication effects and techniques for increasing arousal, 
ollow-up after reducing or ceasing medication 
Reduce or abstain 


work” or uncomfortable for the partner should be dis- 
cussed, and advice about using manual stimulation to 
achieve ejaculation inside the vagina could be suggested. 
The latter is especially important for couples who would 
like to conceive. 


PLISSIT: a sexuality assessment 
and intervention tool 


The goal of healthcare provision is to maintain, restore, 
or improve a patient’s quality of life, and sexual function 
should be a routine part of that clinical service mandate.”® 
Annon’s model (Figure 16.1) is a framework for assessing 
and managing patients with sexual difficulties and pro- 
vides a structure that can be adapted for use in a range of 
clinical specialities.” It recognizes that different levels of 
psychological/behavioral and medical interventions are 
required, and identifies that early intervention may pre- 
vent many patients needing more specialist help. In the 
author's opinion prescribed medical treatments could be 
included at any level, provided there is time available for 
an assessment and patient education. 

PLISSIT is an acronym for the following: 
P: Permission. This level is the least complex. Discussing 

potential sexual changes as a result of illness, disease, 

medication, cancer, or surgery, gives the patient 
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(IT) Intensive Therapy 
(SS) Specific Suggestions 
(LI) Limited Information 
(P) Permission giving 


Figure 16.1 Annon’s PLISSIT model. 


permission to discuss any concerns, and simple reas- 
surance can often be enough. If due to illness or sur- 
gery patients are finding sex difficult then permission 
can be given to experiment with new forms of sexual 
expression, to try different sexual positions, or even, 
if appropriate, to abstain from sexual activity. 

LI: Limited Information. Giving limited information pro- 
vides patients with specific facts directly related to 
their area of concern. This may relate to how their 
age, ill-health and/or treatment can affect their 
sexual abilities, and include basic facts about normal 
sexual response, and challenge myths and unreal- 
istic expectations about the norms of sexual func- 
tioning. Websites could be recommended to enhance 
the patient’s knowledge and understanding. 

SS: Specific Suggestions. This level of intervention involves 
providing suggestions that directly address the specific 
problem presented by the patient. Sexual difficulties 
with a sudden onset and/or short duration are the most 
responsive to this form of brief treatment and could 
include many of the suggestions already mentioned in 
this chapter, such as lubrication, masturbatory retrain- 
ing, and pelvic floor exercises. General ideas for 
rebuilding intimacy such as sitting together watching a 
film or having breakfast in bed sound simple but can 
be effective in re-establishing a more intimate relation- 
ship. Showering or bathing together can be a non- 
threatening way of touching each other again if there 
have been longer periods of sexual abstinence. For 
couples that have very little quality time together 
“Staying in Dates” and “Going out Dates” can be dis- 
cussed. Some people have limited financial resources 
or young children so it is important for any suggestions 
to be realistic and affordable. Once specific sugges- 
tions have been made a follow-up appointment is 
necessary to identify the outcome of these suggestions. 


IT: Intensive Therapy. This final level of intervention is 


the most complex and is used when a patient’s sexual 
problem has not been resolved by the other three 
levels. It involves highly individualized therapy that 
is more involved, takes more time, and should only 
be undertaken by a suitably trained therapist. If 
there is no local NHS provision, information about 
sex therapy and how to access private therapists can 
be found on the College of Sexual and Relationship 
Therapy website (www.cosrt.org.uk). 


Conclusion 


The long-term impact of sexual dysfunction can be dev- 


astating for both the individual and their partner; for 


many men it will rob them of everything they value 


most, their self-respect, sexual confidence, and the most 


intimate part of their relationship. Therefore helping 


men maintain or restore their sexual functioning is not 


a lifestyle issue but a quality of life issue, and healthcare 


professionals have a major role in providing an oppor- 


tunity for early discussion and treatment of sexual 
difficulties. 
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CHAPTER 17 


Treatment of premature ejaculation 
and ejaculatory disorders 


Michael Kirby 
The Prostate Centre, London, UK 


Introduction 


Premature ejaculation (PE) is an important topic 
because of the high prevalence and the stress that it 
causes to both sufferer and partner alike. Other 
ejaculatory disorders include delayed ejaculation, pain- 
ful ejaculation and post-orgasmic pain, anejaculation, 
and retrograde ejaculation. 

The first report on PE was in 1887, which was a prac- 
tical treatise on impotence and sterility and allied disor- 
ders of the male sexual organs by S. Gross.’ Rapid 
ejaculation is the most common form of male sexual 
dysfunction, sometimes referred to as ejaculation 
praecox. The sexual response cycle consists of four 
different stages: desire, arousal, orgasm, and resolution. 
In men, the fourth stage of orgasm is usually coincident 
with ejaculation, and it is disruption of this fourth stage 
of orgasm that is described as ejaculatory dysfunction. 


Definition of premature ejaculation 


Many definitions have been proposed for PE, and this 
has caused problems with understanding the prevalence 
and epidemiology of the condition. In 1980, the 
American Psychiatric Association’ defined the condition 
as “Ejaculation occurs before the individual wishes 
because of recurrent and persistent absence of reason- 
able voluntary control of ejaculation and orgasm during 
sexual activity.” Over subsequent years the definition 
was revised several times and finally adopted by DSM- 
IV-TR in 2000? as: 
e The persistent or recurrent ejaculation with minimal 
sexual stimulation before, on or shortly after penetra- 
tion and before the person wishes it. The clinician 


must take into account the factors that affect the 

duration of the excitement phase, such as age, novelty 

of the sexual partner or situation and recent frequency 
of sexual activity. 

e The disturbance causes marked distress or interper- 
sonal difficulty. 

e Premature ejaculation is not due exclusively to the 
direct effects of a substance (e.g., withdrawal from 
opioids). 

This definition has been used as the starting point for 
most epidemiological studies on PE over the last 10 years. 

The International Society for Sexual Medicine (ISSM) 
produced an evidence-based definition of PE in 2008,4 
describing lifelong PE as: 

e A male sexual dysfunction characterised by ejacula- 
tion that always or nearly always occurs prior to, or 
within about 1 minute of, vaginal penetration. 

e The inability to delay ejaculation on all, or nearly all, 
vaginal penetrations. 

e Negative personal consequences such as distress, 
bother, frustration, and/or the avoidance of sexual 
intimacy. 

The 60 second rule is not absolute, since many men 
will seek treatment for lifelong PE with intravaginal 
ejaculation latency times (IELT) of up to 2 minutes. 
Factors to bear in mind are the duration of the excite- 
ment phase, age, novelty of the sexual partner, the 
situation, and the frequency of sexual activity. 

Waldinger and co-workers described the IELT in 1994, 
and it was defined as the time between intravaginal 
entry and the beginning of intravaginal ejaculation.’ 
The stopwatch technique was used by the female 
partner to measure ejaculation latency time during 
intercourse in a 4-week period.” One would think that 
this would interfere with normal sexual function and be 
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quite intrusive on the relationship, but in research 
studies, patients do not appear to object to the use of a 
stopwatch.*? 

Defining PE as lifelong or acquired was proposed by 
Godpodinoff in 1989.!° The 2010 ISSM guideline for the 
diagnosis and treatment of PE allows the proposed cri- 
teria for lifelong and acquired PE." There are two other 
important PE syndromes in men who consult with con- 
cerns about premature ejaculation. 4 It is important to 
understand these differences in order to tailor advice 
and treatment (see Table 17.1). 

We therefore have four PE syndromes:'* 

e Lifelong PE (LPE) 

e Acquired PE (APE) 

e Natural variable PE (NVPE) 

e Premature-like ejaculatory dysfunction (PLED). 

In men with lifelong PE, the ejaculation occurs in 
most cases within 30-60 seconds (80%) or between 1 
and 2 minutes (20%). This occurs from about the first 
sexual encounter and with nearly every woman with 
whom sexual intercourse has taken place. Ejaculation 
occurs too early in nearly every episode of sexual 
intercourse and remains rapid throughout the lifetime of 
the subject, suggesting a neurobiological/genetic cause." 

In acquired PE, the IELT is short (less than 2 minutes). 
This syndrome occurs at some point in a man’s life and 
follows normal ejaculation experiences previously. It 
may develop suddenly or gradually and result from 
urological or thyroid dysfunctions, or psychological or 
relationship problems.'” 


In natural variable PE, the ejaculation time may be 
short or normal. Early ejaculations are inconsistent and 
irregular. However, the ability to delay ejaculation may 
be diminished or lacking, giving the impression of 
reduced control of ejaculation. Psychological support is 
first-line treatment in these men.'” 

Premature-like ejaculatory dysfunction has been 
described when the IELT is in the normal range or may 
even be of longer duration. There is a subjective percep- 
tion of consistent or inconsistent fast ejaculation. The 
ability to delay ejaculation may be reduced or absent, 
and there may be imagined early ejaculation or lack of 
control of ejaculation. The preoccupation with ejacula- 
tion may be accounted for by a psychiatric disorder. 

These definitions are helpful from a clinical point of 
view, because they require different approaches to 
management. 

The prospect that underlying genetic differences may 
account for PE in certain men is intriguing. There was in 
1998 a report of a high PE prevalence among first- 
degree male relatives of Dutch men with lifelong PE, 
with an IELT of less than a minute. This generated a 
hypothesis of a genetic cause for lifelong PE, suggesting 
a neurobiological cause rather than a psychological 
one.°'° There is, of course, biological plausibility for this 
explanation. 

These first reports were subsequently supported by 
studies based in Finland. One study by Jern et al. iden- 
tified male twins between the ages of 33 and 43 years, of 
whom 91 were identical and 110 complete twin pairs. 


Table 17.1 Summary of the symptoms of the four premature ejaculation (PE) syndromes used in the classification of men 


with complaints of PE.'® 


Lifelong PE (LPE) Acquired PE (APE) 


Natural variable PE 
(NVPE) 


Premature-like ejaculatory 
dysfunction (PLED) 


Most cases (80%) occur 
within 30-60 seconds, fewer 
(20%) within 1-2 minutes 
Starts from about the first 


Intravaginal ejaculation latency 
time (IELT) is short (<2 minutes) 


PE occurs at some point in their life 
sexual encounter 

Occurs with almost every 
woman 


Normal ejaculation experienced 
previously 

Occurs too early in almost Onset gradual or sudden 
every intercourse 

Remains rapid throughout 
lifetime (neurobiological/ 


genetic cause) 


May result from urological/thyroid 
dysfunctions or psychological/ 
relationship problems 


Ejaculation time may be 
short/normal 


IELT is normal/longer 


Early ejaculations are 
inconsistent and irregular 
Ability to delay ejaculation 
may be diminished/lacking 
Impression of reduced 
control of ejaculation 
Psychotherapy should be 
considered first-line 


Subjective perception of inconsistent/ 
consistent rapid ejaculation 

Ability to delay ejaculation may be 
diminished/lacking 

Imagined PE or lack of control of 
ejaculation 

Preoccupation not better accounted 
for by another mental disorder 
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Results showed a moderate genetic influence (28%) for 
PE but not on delayed ejaculation." 

Further evidence came from another study by Jern 
et al., where they investigated a large number of male 
twins (1=3946, mean age 29.9 years) and their siblings. 
Again, a significant moderate genetic effect was found 
for PE (28%), but there was no clear-cut familial effect 
for delayed ejaculation.'* 

There are some common features of men with life- 
long PE in both the serotonin-transporter-gene-linked 
polymorphic region (5-HTTLPR) and the dopamine 
transporter protein (DAT).!”?° 

When erectile dysfunction (ED) occurs in conjunction 
with PE it can lead to performance anxiety, and fear of 
losing the erection can contribute to early ejaculation.*! 
It is therefore important to enquire about erectile diffi- 
culties in men presenting with PE. 


Epidemiology and etiology 
of premature ejaculation 


With varying definitions of PE, it is difficult to evaluate 
the various prevalence studies. Many studies have been 
conducted, reporting conflicting results, especially in 
the primary care setting, with prevalence rates varying 
between 2 and 31%.*?”? Nathan reanalysed 22 general 
population sex surveys to assess the prevalence and dis- 
tribution of psychosexual dysfunctions as defined by the 
third edition of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-III). The prevalence of premature 
ejaculation was in the order of 35%.** Other general 
population prevalence estimates have reported rates 
from 4% to 39%, although most estimates fell between 
22% and 38%.?>?” 

In the trials that used the DSM-IV-TR (DSM-IV Text 
Revision) definition, PE has been recognized as the most 
common male sexual dysfunction, with a prevalence of 
20-30%.?8 °° McMahon et al. evaluated 4997 men in the 
Asia-Pacific countries, of whom two-thirds were younger 
than 46 years. Self-reported PE was in fact more preva- 
lent than self-reported ED, 13% versus 8%.*? 

There are, of course, physiological, medical, and 
psychological causes for PE. There has been speculation 
that the prolongation of intercourse may be a learnt 
response, since it has been observed how brief 
intercourse is in animals, particularly under conditions 
where the animal may be forced to fight or flee from 


danger.” Clearly, lifelong PE is unlikely to have a 
psychological cause, but the psychological effect is 
severe and needs to be dealt with. 

Studies involving self-stimulation have demonstrated 
that premature ejaculators continue to reach orgasm in 
about half the time of those without the problem, and 
self-reported anxiety was very prominent.*?** 

Endocrine abnormalities seem unlikely to be involved 
in the etiology of this problem, but can occur.” 
Neurological disorders commonly cause ejaculatory 
problems. Interruption of the long spinal tracts between 
the cortex and the sacral cord or the pelvic autonomic 
nerves interferes with genital engorgement, erections, 
ejaculation, and orgasm. Ejaculatory disorders are 
common in spinal cord injury patients. The absence of 
ejaculation causes fertility problems and, interestingly, 
congenital spinal anomalies such as spina bifida can also 
impair ejaculation. Some men with lifelong anejacula- 
tion have been found to have occult dysplasia of the 
lower spinal cord.*° 

Diabetes leads to ejaculatory problems. It may cause 
decreased volume of ejaculate or retrograde ejaculation. 
PE may be related to autonomic neuropathy and both 
central and peripheral neurotransmitters in diabetes.*” 

Cerebrovascular disease may lead to sexual problems, 
not only related to injury to the brain but also comor- 
bidities, leading to poor libido, erectile difficulties, and 
difficulties with ejaculation.’ The medial preoptic area 
of the hypothalamus is important for ejaculation due to 
its relationship with the serotonergic pathways of the 
nucleus paragigantocellularis (nPGi) in the pons.*”” 

Penile hypersensitivity and a rapid bulbocavernosal 
reflex have been postulated as a cause for PE.*° This 
hypothesis has been explored by Xin et al.*!** and 
although unproven, it is the basis for the use of topical 
anesthetics. 


Treatment of premature ejaculation 


The British Society for Sexual Medicine (BSSM) has 
produced a useful algorithm for the management of PE 
(http://www.bssm.org.uk/downloads/). 

When developing a treatment plan for this trouble- 
some disorder, it is essential to take a careful patient and 
partner history to establish the presenting complaint. 
The time taken to ejaculate after vaginal penetration is 
important and it is necessary to establish the perceived 
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degree of ejaculatory control. Enquiry should be made 
about the degree of patient and partner distress caused 
by the ejaculatory problem. The onset and duration of PE 
should be established. Underlying psychological causes 
or problems should be explored, and past medical history 
and any other current complaints should be established. 

A targeted physical examination may be appropriate 
at this stage, depending on the medical history. For life- 
long PE, a physical examination is advisable, but in 
acquired PE it is mandatory. A genital examination may 
expose a phimosis or a short frenulum. An examination 
of the prostate should be performed if the history sug- 
gests the need to do so, and likewise bacterial cultures of 
the urine and/or semen. Evidence of any thyroid dis- 
ease or neurological cause should be sought. 

There are six important questions to help identify PE: 
e Can you delay ejaculation before vaginal penetration? 
e What is the time between penetration and ejaculation? 
e Can you delay ejaculation? 

e Do you and your partner feel bothered, annoyed, or 
frustrated by your PE? 

e Is your PE affecting your relationship? 

e Do you or your partner avoid sexual intercourse 
because of embarrassment? 

It is also important to distinguish between ED and PE, 
and the following questions are useful: 

e Is your erection hard enough to penetrate? 

e Do you have difficulty in maintaining your erection 
until you ejaculate during intercourse? 

e Do you ever rush intercourse to prevent loss of your 
erection? 

Patients with PLED or NVPE often simply require 
reassurance and education. Sometimes behavioral 
therapy and psychotherapy may be necessary. When PE 
is secondary to ED or other sexual dysfunctions, the 
primary cause should be dealt with. Lifelong and 
acquired PE can be differentiated by enquiring when 
the patient first experienced PE and whether he has 
experienced PE since his first sexual experience on 
every, or almost every, attempt with every partner? 

In APE, treatment initially should be behavioral 
therapy or psychotherapy followed by, or combined, 
with pharmacotherapy. In LPE, pharmacotherapy is 
almost always necessary but added benefit comes from 
the use of behavioral therapy or psychotherapy in 
combination. In APE, attempted gradual withdrawal of 
drug therapy may be appropriate in selected patients 
after 6-8 weeks (Table 17.2). 


The treatment options for pharmacotherapy include 
oral therapies with a short half-life taken on demand, 
specifically suggesting a role in treating PE, for example, 
dapoxetine, which is the only oral licensed selective 
serotonin reuptake inhibitor (SSRI) medication for 
the treatment of PE. Off-label SSRIs and tricyclic 
antidepressant drugs have been used as daily treatments 
for PE, including paroxetine, sertraline, fluoxetine, cita- 
lopram, and clomipramine. The evidence base for using 
these drugs (off license) was extensively reviewed in the 
AUA guideline on The Pharmacologic Treatment of 
Premature Ejaculation 2003.” 

Phosphodiesterase type 5 (PDE5) inhibitors used on 
demand as combination treatment with SSRIs can be 
helpful when PE coexists with ED.“ Tramadol, an opiate 
derivative usually used as an analgesic, has also been 
shown to have efficacy for the treatment of PE and is 
particularly useful when PE coexists with a need for 
analgesia.** Topical therapies include currently off-label 
lidocaine/prilocaine.*® 

Behavioral and psychological therapies have been 
incorporated for a number of years, and studies suggest 
that combination therapy, as opposed to medication 
alone, can produce some positive outcomes.*” 

SSRIs when used as daily dosing, produce a therapeutic 
benefit after 1-2 weeks. A meta-analysis of published 
data suggests that paroxetine is the most effective, 
increasing IELT approximately 8.8-fold over baseline.” 
Daily dosing allows for a more spontaneous sexual expe- 
rience but is, of course, more likely to produce side 
effects. Side effects observed using daily dosing of 
paroxetine, sertraline, and fluoxetine were drowsiness 
(0-13%), nausea (3-22%), dizziness (3-12%), dry 
(4-19%), ED (46%), 
(3-22%).°° Concerns have been raised about sperm DNA 


mouth and anejaculation 
fragmentation with daily dosing of paroxetine,*! and cur- 
rently the advice is to avoid daily dosing with SSRIs in 
couples wishing to achieve pregnancy. The same advice 
applies to duloxetine’? and escitalopram,” which have 
been shown to be effective in treating PE. However, esci- 
talopram has been shown to cause significant decreases 
in sperm concentration, motility, and morphology when 
compared with the baseline semen measures.” 
Dapoxetine is a short-acting SSRI developed princi- 
pally for the treatment of PE and can be used on demand 
when taken a few hours before the expected sexual 
encounter, thereby reducing the possibility of side 
effects. It is the first drug to be licensed for this 
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Table 17.2 Treatment options for the management of premature ejaculation (PE). 


Treatment 


Comment 


Sexual/behavioral therapy 


Topical analgesics (lidocaine/prilocaine) 


SSRIs (dapoxetine, paroxetine 10-40 mg, 


sertraline 50-200 mg, fluoxetine 20-40 mg, 


citalopram 20-40 mg) 


Tricyclic antidepressants (clomipramine 
12.5-50 mg) 
PDES inhibitors 


Tramadol 12 mg, 5-50 mg 


Alphat-adrenoreceptor agonists 
(tamsulosin, silodosin, terazosin) 
Combination therapies (PDE5 
inhibitor + dapoxetine/off-label SSRI or 
topical lidocaine/prilocaine) 
Management of PE-related risk factors 
(hyperthyroidism and bacterial prostatitis) 


Limited or low efficacy as monotherapy, particularly in LPE 

Improves success of PE medications if used in combination 

Good efficacy but risk of over-application and vaginal transfer causing numbness 
On-demand dapoxetine has proven efficacy with a 3—4-fold increase in IELT. Common 
side effects include headache, dizziness, nausea, and diarrhea 

Daily dosing with paroxetine provides good efficacy rates, with upto 8-fold increase in IELT. 
On-demand dosing provides little or no efficacy. Common side effects include yawning, 
fatigue, perspiration, nausea, diarrhea, ED, and absent ejaculation. Has fertility issues 
Daily and on-demand dosing have proven efficacy with a 4—6-fold increase in IELT 
Common side effects include dizziness, fatigue, nausea, dry mouth, ED 

Efficacy not well established in pure PE 

Good efficacy in PE+ED either alone or as combination therapy 

Limited data report a 6-fold increase in IELT 

Common side effects include dyspepsia and somnolence 

High potential for addiction 

Very limited data report success rates of upto 50% 

High potential for anejaculation 

Superior efficacy reported with PDE5 inhibitor + SSRI vs either as monotherapy 
Superior efficacy reported with PDES5 inhibitor + topical lidocaine/prilocaine vs either as 
monotherapy 

PE improves with normalization of thyroid hormones or antibiotic treatment of bacterial 
prostatitis 


Adapted from Kirana et al.^8 


indication. A review by Hutchinson et al. concluded that 
dapoxetine is well tolerated as an on-demand therapy 
and with continual dosing, but there are few data 
regarding long-term adverse events. There were reports 
in the development program that there were rare vaso- 
vagal-mediated syncopal events, but there were no 
other associated significant cardiovascular adverse 
events.” With a starting dose of 30 mg, clinicians have 
not found this to be an issue at the current time. 

Tramadol is used widely as an analgesic and has been 
shown to be effective in the management of PE. A meta- 
analysis identified five trials involving 715 patients,”® 
and the authors concluded that tramadol may be effec- 
tive in PE treatment, especially when patients have 
failed therapies similar to the chronic use of SSRIs. It is 
not licensed for this indication and addiction to this 
drug needs to be borne in mind, as well as the side-effect 
profile, and hence it should only be used as a last resort 
in difficult patients. 

If there is ED as well as PE, treatment of the ED with 
a PDE5 inhibitor should be prescribed first, followed by 


secondary PE treatment after 2-3 months if needed. 
Regarding the combination of PDE5 inhibitors and 
dapoxetine, pharmacokinetic studies have shown that 
adding sildenafil or tadalafil to dapoxetine does not alter 
the pharmacokinetics of either drug.” 

Topical anesthetics are useful in some patients. They 
contain lidocaine or a combination of lidocaine and pri- 
locaine in a spray, ointment, or cream preparation. They 
are sometimes used within condoms and sold as over- 
the-counter (OTC) products. The role of these agents in 
PE has been reviewed by Wylie and Powell, who 
concluded that they could be an acceptable first-line 
option. However, they are not licensed for this indica- 
tion and can cause numbness of the glans and penile 
skin, and there may also be some transvaginal absorption 
and numbness if the medication is not removed prior to 
coitus. The creams and gels need to be applied 10-20 
minutes before sexual intercourse.”® 

Recently a new lidocaine-prilocaine-containing spray 
(TEMPE/Fortacin) has been investigated,** which only 
needs to be applied 5 minutes before sexual intercourse. 
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It has been shown to increase the IELT from a baseline 
of 0.58 minutes to 3.17 minutes during 3 months of 
double-blind treatment. There was a 3.3-fold delay in 
ejaculation compared to placebo (p<0.001), and this 
formulation has been approved by the EMA. 


Anejaculation 


Anejaculation is the complete absence of antegrade or 
retrograde ejaculation. It is caused by failure of emission 
of semen from the prostate and seminal ducts into the 
urethra.’ Anejaculation is usually associated with a 
normal orgasmic sensation. Occasionally, for example in 
incomplete spinal cord injuries, this sensation may 
be altered or decreased. True anejaculation is caused by 
central or peripheral nervous system dysfunctions 
or the effect of drugs. Neural causes include spinal 
cord injury, cauda equina lesions, multiple sclerosis, 
Parkinson’s disease, autonomic neuropathy (juvenile 
diabetes), retroperitoneal lymphadenectomy, aortoiliac 
surgery, and colorectal surgery. Drug-related anejacula- 
tion is associated with the use of antihypertensives, 
antidepressants, antipsychotics, and alcoho. 

Sexual dysfunction after radical prostatectomy occurs 
commonly. It is well understood that concomitant sur- 
gical removal of the seminal vesicles along with the 
prostate produces a “dry” orgasm and that most men 
retain the ability to achieve a sexual climax. 

In anejaculation it is possible to evoke the ejaculation 
reflex with penile vibratory stimulation.“ Assisted 
reproductive technologies have improved so much 
over the last few years that infertility issues can usually 
be solved. 


Delayed ejaculation 


Delayed or retarded ejaculation is much less common. It is 
important to determine whether it is lifelong or acquired, 
and whether it is generalized or situational. Prevalence is 
less than 3%.° There may be anatomical or congenital 
causes. Other causes include neurogenic, infective, 
endocrine, and drugs that interfere with either the central 
control of ejaculation or the nerves that supply the repro- 
ductive organs. There are also psychological causes that 
need to be taken into consideration (Table 17.3). 

The British Association of Sexual Health and HIV 
(BASHH) Special Interest Group for Sexual Dysfunction 
has provided some helpful recommendations for the 


Table 17.3 Causes of retarded ejaculation.® 
Physiological Reduced penile sensitivity 
Slower bulbocavernosal reflexes 
Idiosyncratic genital stimulation 
Millerian duct cyst 
Wolffian duct abnormality 
Prune belly syndrome 
Transurethral resection of prostate (TURP) 
Bladder neck incision 
Spinal cord injury 
Diabetic neuropathy 
Radical prostatectomy 
Proctocolectomy 
Bilateral sympathectomy 
Abdominal aortic aneurysmectomy 
Para-aortic lymphadenectomy 
Hypogonadism 
Hypothyroidism 
Diabetes 
Drugs Alpha blockers 
Beta blockers 
Adrenergic neuron blockers 
Antipsychotics 
Tricyclic antidepressants 
Atypical antidepressants (e.g. trazodone) 
Benzodiazepines 
Opiates 
SSRIs 
Thiazides 
Monoamine oxidase inhibitors 


Congenital 


Anatomical 


Neurological 


Endocrine 


Naproxen 
Baclofen 
Alcohol 


Psychological Psychosocial 


Table 17.4 Adjunctive pharmacotherapy for SSRI-induced 
retarded ejaculation.“ 


Drug As required Daily 

Amantadine 100-400 mg (for 2 75-100 mg b.d. 
days before coitus) or t.d.s. 

Bupropion 75-150 mg 75 mg b.d. or t.d.s. 

Buspirone 15-60 mg 5-15 mg b.d. 

Cyproheptadine 4-12 mg On demand 

Yohimbine 5-10 mg 5 mgt.ds. 


management of retarded ejaculation.’ A variety of 
drugs have been used to facilitate SSRI-induced retarded 
ejaculation by either central dopaminergic or antisero- 
tonergic effects}? (Table 17.4). 
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It is important to identify a treatable organic cause if it 
is present or withdraw a drug if it is known to impair 
ejaculatory dysfunction. Following this, the mainstay of 
treatment would be by psychotherapy, but drug therapy 
can be tried on an individual basis. 


Retrograde ejaculation 


Antegrade ejaculation requires a closed bladder neck 
and proximal urethra, and when this mechanism fails 
related to anatomical, neurological, pharmacological, or 
idiopathic factors, ejaculation occurs into the bladder.” 
Retrograde ejaculation can be confirmed on examina- 
tion of a urine sample post-ejaculation to look for sper- 
matozoa.® It is common after transurethral resection of 
the prostate (TURP) procedures. 

As with anejaculation, it is important to determine 
the cause and remove any offending drugs from the 
treatment list. Medical treatments are based on 
increasing the sympathetic tone of the bladder neck or 
decreasing the parasympathetic activity using drugs 
such as ephedrine or imipramine.®°° 

Assisted reproductive technologies have improved so 
much over the last few years that infertility issues can 
usually be solved. Urinary sperm retrieval aims to obtain 
sufficient viable sperm from the post-ejaculatory urine 
for insemination, in vitro fertilization (IVF), or intracy- 
toplasmic sperm injection (ICSI).°’ In urinary sperm 
retrieval, a post-ejaculatory urine specimen is obtained 
either by voiding or catheterization, usually after alka- 
linization of the urine using oral sodium bicarbonate or 
by increasing oral fluid intake to dilute the urine. 


Painful ejaculation 


Painful ejaculation may occur in relation to benign 
prostatic hypertropthy (BPH), infection, or inflamma- 
tion from acute prostatitis, chronic prostatitis, or chronic 
pelvic pain syndrome. It is also described in patients 
following radical prostatectomy. The incidence of post- 
orgasmic pain is 1-9.7%.°* Occasionally, seminal vesicle 
inflammation or seminal vesicle calculi can cause prob- 
lems, together with ejaculatory duct obstruction.‘ The 
cause should be thoroughly investigated. Theories as to 
the etiology include those referring to abnormal bladder 
neck closure and pudendal neuropathy. The treatment 
options include: self-care; a perineal hyperprotection 


program; and medication with the alpha blocker, topira- 
mate. Surgical procedures that include removing a sec- 
tion of the sacrotuberous ligament, neurolysis of the 
pudendal nerve, or removing a section of the sacrospi- 
nous ligament have also been tried. 

Men with BPH and painful ejaculation tend to have 
more severe lower urinary tract symptoms (LUTS), 
report greater bother, and have a higher prevalence of 
ED and reduced ejaculation than men with LUTS only.” 

Where a cause is found, dealing with the underlying 
problem can be helpful, but sometimes no etiological 
factor can be found. 


References 


_ 


Gross S. Practical Treatise on Impotence, Sterility and Allied Disorders 

of the Male Sexual Organs. Edinburg: YL Pentland, 1887. 

2 American Psychiatric Association. Diagnostic and Statistical 

Manual of Mental Disorders, 3rd edn (DSM-III). Washington, 

DC: American Psychiatric Association, 1980. 

American Psychiatric Association. Diagnostic and Statistical 

Manual of Mental Disorders, 4th edn, Text Revision (DSM-IV- 

TR). Washington, DC: American Psychiatric Association, 2000. 

4 McMahon CG, Althof SE, Waldinger MD, et al. An evi- 

dence-based definition of lifelong premature ejaculation: 

Report of the International Society for Sexual Medicine 

(ISSM) Ad Hoc Committee for the definition of premature 

ejaculation. J Sex Med 2008;5:1590-606. 

Waldinger MD, Hengeveld MW, Zwinderman AH. 

Paroxetine treatment of premature ejaculation: a double- 

blind, randomized, placebo-controlled study. Am J Psychiatry 

1994;151:1377-9. 

6 Waldinger MD. The neurobiological approach to premature 
ejaculation. J Urol 2002;168:2359-67. 

7 Waldinger MD, Hengeveld MW, Zwinderman AH, et al. 
Effect of SSRI antidepressants on ejaculation: a double- 
blind, randomized, placebo-controlled study with fluox- 
etine, fluvoxamine, paroxetine, and sertraline. J Clin 
Psychopharmacol 1998;18:274-81. 

8 Althof SE. Evidence based assessment of rapid ejaculation. 
Int J Impot Res 1998;10: (Suppl. 2):S74-S76; discussion 
877-579. 

9 Althof SE. Pharmacologic treatment of rapid ejaculation. 
Psychiatr Clin North Am 1995;18:85-94. 

10 Godpodinoff ML. Premature ejaculation: clinical subgroups 
and etiology. J Sex Marital Ther 1989;15:130-4. 

11 Althof SE, Abdo CH, Dean J, et al. International Society for 
Sexual Medicine’s guidelines for the diagnosis and treatment 
of premature ejaculation. J Sex Med 2010;7:2947-69. 

12 Waldinger MD, Schweitzer DH. Changing paradigms from a 

historical DSM-III and DSM-IV view towards an evidence- 

based definition of premature ejaculation. Part I — validity of 

DSM-IV-TR. J Sex Med 2006;3:682-92. 


Ww 


wn 


150 


Chapter 17 


13 


20 


2 


= 


22 


23 


24 


2 


v 


26 


27 


28 


Waldinger MD, Schweitzer DH. Changing paradigms from a 
historical DSM-III and DSM-IV view towards an evidence- 
based definition of premature ejaculation. Part I — pro- 
posals for DSM-V and ICD-11. J Sex Med 2006;3:693-705. 
Waldinger MD. Recent advances in the classification, neuro- 
biology and treatment of premature ejaculation. Adv 
Psychosom Med 2008;29:50-69. 

Masters WH, Johnson VE. Human Sexual Inadequacy. Boston, 
MA: Little & Brown, 1970. In: Serefoglu EC, Saitz TR. New 
insights on premature ejaculation: a review of definition, 
classification, prevalence and treatment. Asian J Androl 
2012;14:822-9. 

Waldinger M, Rietschel M, Nothen N, et al. Familial occur- 
rence of primary premature ejaculation. Psychiatr Genet 
1998;8:37-40. 

Jern P, Santtila P, Witting K, et al. Premature and delayed 
ejaculation: Genetic and environmental effects 
population-based sample of Finnish twins. J Sex Med 
2007;4:1739-49. 

Jern P, Santtila P, Johansson A, et al. Evidence for a genetic 
etiology to ejaculatory dysfunction. Int J Impot Res 2009;21: 
62-7. 

Janssen PKC, Bakker SC, Réthelyi J, et al. Serotonin trans- 
porter promoter region (5-HTTLPR) polymorphism is asso- 
ciated with the intravaginal ejaculation latency in Dutch 
J Sex Med 


in a 


men with lifelong premature ejaculation. 
2009;6:276-84. 

Santtila P, Jern P, Westberg L, et al. The dopamine trans- 
porter gene (DAT) polymorphism is associated with prema- 
ture ejaculation. J Sex Med 2010;7:1538-46. 

Corona G, Petrone L, Mannucci E, et al. Psycho-biological 
correlates of rapid ejaculation in patients attending an 
andrologic unit for Eur Urol 
2004;46:615-22. 

Nirenberg TD, Wincze JP, Bansal S, et al. Volunteer bias in a 
study of male alcoholic’s sexual behaviour. Arch Sex Behav 
1991;20:371-9. 

Read S, King M, Watson J. Sexual dysfunction in primary 
medical care: prevalence, characteristics and detection by 
the general practitioner. J Public Health Med 1007;19: 
387-91. 

Nathan SG. The epidemiology of the DSM-III psychosexual 
dysfunctions. J Sex Marital Ther 1986;12:267-81. 

Reading AE, Wiest WM. An analysis of self-reported sexual 
behaviour in a sample of normal males. Arch Sex Behav 
1984;13:69-83. 

Spector IP, Carey MP. Incidence and prevalence of the 
sexual dysfunctions: a critical review of the empirical litera- 
ture. Arch Sex Behav 1990;19:389-408. 

Grenier G, Byers ES. Rapid ejaculation: a review of 
conceptual, etiological and treatment issues. Arch Sex Behav 
1995;24:447-72. 

Laumann EO, Paik A, Rosen RC. Sexual dysfunction in the 
United States: prevalence and predictors. JAMA 1999;281: 
537-44. 


sexual dysfunctions. 


29 


30 


3 


1 


32 


3 


34 


3 


Ww 


v 


36 


37 


38 


39 


40 


4 


= 


42 


4 


44 


4 


3 


e] 


Laumann EO, Nicolosi A, Glasser DB, et al. Sexual problems 
among women and men aged 40-80 y: prevalence and 
correlates identified in the Global Study of Sexual Attitudes 
and Behaviours. Int J Impot Res 2005;17:39-57. 

Porst H, Montorsi F, Rosen RC, et al. The Premature 
Ejaculation Prevalence and Attitudes (PEPA) survey: preva- 
lence, comorbidities and professional help-seeking. Eur Urol 
2007;51:816-23; discussion 824. 

McMahon CG, Lee G, Park JK, et al. Premature ejaculation 
and erectile dysfunction prevalence and attitudes in the 
Asia-Pacific region. J Sex Med 2012;9:454-65. 

Hong J. Survival of the fastest: on the origins of premature 
ejaculation. J Sex Res 1984;20:109-12. 

Strassberg DS, Kelly MP, Carroll C, et al. The psychophysio- 
logical nature of premature ejaculation. Arch Sex Behav 
1987;16:327-36. 

Strassberg DS, Mahoney JM, Schaugaard M, et al. The role 
of anxiety in premature ejaculation: a psychophysiological 
model. Arch Sex Behav 1990;19:251-7. 

Pirke KM, Kockott G, Aldenhoff J, et al. Pituitary gonadal 
system function in patients with erectile impotence and pre- 
mature ejaculation. Arch Sex Behav 1979;8:41-8. 

Lundberg PO, Ertekin C, Ghezzi A, et al. Neurosexology. 
Guidelines for Neurologists European Federation of 
Neurological Societies Task Force on Neurosexology. Eur J 
Neurol 2001;8:2-24. 

El-Sakka AI. Premature ejaculation in non-insulin- 
dependent diabetic patients. Int J Androl 2003;26:329-34. 
Pistoia F, Govoni S, Boselli C. Sex after stroke: a CNS only 
dysfunction? Pharmacol Res 2006;54:11-8. 

McLean PD. Brain mechanisms of primal sexual functions 
and related behaviour. In: Gessa GL, Sandler M (eds), Sexual 
Behaviour: Pharmacology and Biochemistry. New York: Raven 
Press, 1975. 

Fanciullaci FCG, Beretta G, Zanillo A. Cortical evoked 
potentials in subjects with true premature ejaculation. 
Andrologia 1988;20:326-30. 

Xin ZC, Chung WS, Choi YD, et al. Penile sensitivity in 
patients with primary premature ejaculation. J Urol 
1996;156:979-81. 

Xin ZC, Choi YD, Rha KH, et al. Somatosensory evoked 
potentials in patients with primary premature ejaculation. 
J Urol 1997;158:451-5. 

Montague DK, Jarow J, Broderick GA et al. AUA guideline 
on the pharmacologic management of premature ejacula- 
tion. 2003. Available at: https://www.auanet.org/common/ 
pdf/education/clinical-guidance/Premature-Ejaculation.pdf 
(Accessed April 2016). 

Wang WE, Minhas S, Ralph DJ. Phosphodiesterase 5 inhibi- 
tors in the treatment of premature ejaculation. Int J Androl 
2006;29:503-9. 

Safarinejad MR, Hosseini SY. Safety and efficacy of tramadol 
in the treatment of premature ejaculation: a double-blind, 
placebo-controlled, fixed-dose, randomized study. J Clin 
Psychopharmacol 2006;26:27-31. 


Treatment of premature ejaculation and ejaculatory disorders 


151 


46 


47 


48 


49 


50 


5 


= 


52 


53 


54 


55 


56 


57 


58 


59 


Wyllie MG, Powell JA. The role of local anaesthetics in 
premature ejaculation. BJU Int 2012;110(11 Pt C):E943-8. 
Fruhauf S, Gerger H, Schmidt HM, et al. Efficacy of 
psychological interventions for sexual dysfunction: a systematic 
review and meta-analysis. Arch Sex Behav 2013;42:915-33. 
Kirana PS, Tripodi F, Reisman Y, Porst H (eds). The EFS and 
ESSM Syllabus of Clinical Sexology. Amsterdam: Medix 
Publishers, 2013. 

Waldinger MD. Towards evidence-based drug treatment 
research on premature ejaculation: a critical evaluation of 
methodology. Int J Impot Res 2003;15:309-13. 

Monague DK, Jarow J, Broderick GA, et al. AUA guideline 
on the pharmacologic management of premature ejacula- 
tion. J Urol 2004;172:290-4. 

Tanrikut C, Feldman AS, Altemus M, et al. Adverse effect of 
paroxetine on sperm. Fertil Steril 2010;94:1021-6. 
Athanasios Z, Polyanthi P, George K. The efficacy of dulox- 
etine in the treatment of premature ejaculation. Int Urol 
Nephrol 2007;39:115-8. 

Safarinejad MRMD. Safety and efficacy of escitalopram in 
the treatment of premature ejaculation: a double-blind, 
placebo-controlled, fixed-dose, randomized study. J Clin 
Psychopharmacol 2007;27:444—50. 

Koyuncu H, Serefoglu EC, Yencilek E, et al. Citalopram 
treatment for premature ejaculation has a negative effect on 
semen parameters. Int J Impot Res 2011;23:257-61. 
Hutchinson K, Cruickshank K, Wyclie K. A benefit-risk 
assessment of dapoxetine in the treatment of premature 
ejaculation. Drug Saf 2012;35:359-72. 

Yang L, Qian S, Liu H, et al. Role of tramadol in premature 
ejaculation: a systematic review and meta-analaysis. Urol Int 
2013;91:197-205. 

Dresser MJ, Kang D, Staehr P, et al. Pharmacokinetics of dapox- 
etine, a new treatment for premature ejaculation: Impact of age 
and effects of a high-fat meal. J Clin Pharmacol 2006;46:1023-9. 
Wyllie MG, Powell JA. The role of local anaesthetics in 
premature ejaculation. BJU Int 2012;110:E943-48. 

Buvat J. Glossaire. Les pertubations de l'éjaculation. In: 
Buvat J, Jouannet P (eds), L’éjaculation et ses pertubations. 
Lyon-Villeurbanne : SIMEP, 1983, p. 9. 


60 


= 


6 


62 


63 


64 


6 


wn 


66 


67 


68 


69 


70 


7 


= 


72 


73 


Wang R, Monga M, Hellstrom WJ. Ejaculatory dysfunction. 
In: Comhaire FH (ed), Male Infertility: Clinical Investigation. 
Cause Evaluation and Treatment. London: Chapman & Hall, 
1996; pp. 205-21. 

Brindley GS. Reflex ejaculation under vibratory stimulation 
in paraplegic men. Paraplegia 1981;19:299-302. 

Perelman MA. Delayed ejaculation. J Sex Med 2013;10: 
1189-90. 

Richardson D, Goldmeier D. Recommendations for the 
management of retarded ejaculation: BASHH Special 
Interest Group for Sexual Dysfunction. Int J STD AIDS 
2006;17:7-13. 

McMahon GG, Abdo C, Incrocci L, et al. Disorders of orgasm 
and ejaculation in men. J Sex Med 2004;1:58-64. 

Ralph DJ, Wylie KR. Ejaculatory disorders and sexual 
function. BJU Int 2005;95:1181-6. 

Colpi G, Weidner W, Jungwirth A, et al. EAU guidelines on 
ejaculatory dysfunction. Eur Urol 2004;46:555-8. 

Jefferys A, Siassakos D, Wardle P. The management of retro- 
grade ejaculation: A systematic review and update. Fertil 
Steril 2012;97(2):306-12. 

lie CP, Mischianu DL, Pemberton RJ. Painful ejaculation. 
BJU Int 2007;99:1335-9, 

Weintraub MP. De Mouy E, Hellstrom WJ. Newer modalities 
in the diagnosis and treatment of ejaculatory duct obstruc- 
tion. J Urol 1993;150:1150-4. 

Corriere JN Jr. Painful ejaculation due to seminal vesicle 
calculi. J Urol 1997;157:626. 

Kochakarn W, Leenanupunth C, Muangman V, et al. 
Ejaculatory duct obstruction in the infertile male: experi- 
ence of 7 cases at Ramathibodi Hospital. J Med Assoc Thai 
2001;84:1 148-52. 

Nickel JC, Elhilai M, Vallancien G. Benign prostatic 
hyperplasia (BPH) and prostatitis: prevalence of painful 
ejaculation in men with clinical BPH. BJU Int 2005;95: 
571-4. 

Osen R, ALtwein J, Boyle P, et al. Lower urinary tract 
symptoms and male sexual dysfunction: the multinational 
survey of the aging male (MSAM-7). Eur Urol 
2003;44:637-49. 


CHAPTER 18 


Erectile dysfunction and infertility 


Vikram Soni, Alexander W. Pastuszak, and Mohit Khera 


Baylor College of Medicine, Houston, TX, USA 


Infertility and sexual dysfunction in men, specifically 
erectile dysfunction (ED), are distinct entities that share 
a complex and interdependent relationship with one 
another. This chapter discusses the similarities and dif- 
ferences between the etiologies and treatments for each 
condition, and highlights the potential impact infertility 
may have on male sexual function. It is important to 
consider these as linked entities during evaluation of 
affected men, and to structure treatment approaches 
while considering the numerous and varied causes of 
both ED and male infertility, given the close relationship 
between the two conditions. 

Approximately 60-75% of couples conceive within 6 
months of initiating unprotected sexual intercourse, 
with 90% conceiving within one year.'* Based on these 
data, infertility is defined as an inability to conceive 
after at least 12 months of regular, unprotected 
intercourse. Approximately 15% of couples have fer- 
tility difficulties, with a male factor implicated in up to 
50% of these cases.* Extrapolated further, these data 
suggest that close to 8% of all men of reproductive age 
will seek medical treatment for infertility at some point 
in their lives.* Clearly, these numbers are not insignifi- 
cant. Fortunately the treatment of both male and female 
infertility has dramatically improved over the past three 
decades with the advent of assisted reproductive tech- 
nologies (ART), including in vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI). These treatment 
methods have offered the ability to bypass many of the 
most vexing causes of male infertility, but also come at a 
substantial cost: an estimated $1.8 billion dollars was 
spent on ART in the United States in the year 2000 
alone.’ According to a recent industry analysis, ART 
now results in more than 50,000 babies per year in the 


United States via more than 140,000 IVF procedures, a 
number that has nearly tripled since 1999. There are 
more than 450 infertility clinics, over 100 sperm banks, 
an unknown number of egg donors, and more than 
1700 reproductive specialists competing for a slice of a 
very lucrative business — the infertility services sector 
has swelled to an estimated US$4 billion dollar industry.° 

However, these approaches often do not take into 
consideration the fundamental causes of male infertility, 
which are increasingly known to be genetic in nature, 
leading to an increased risk of genetic disease in the off- 
spring as well as an increased risk of masking significant 
medical pathology in the male partner.’* The causes of 
male infertility are numerous and include a variety of 
congenital and acquired disorders (Table 18.1). Inherent 
to an inability to father a child naturally is the inability 
to have an erection sufficient for penetration and dura- 
tion of sexual intercourse, and men with ED may have 
difficulties with fertility as a result, not only due to their 
inability to achieve vaginal penetration, but also poten- 
tially due to dysregulation of the hypothalamic- 
pituitary-gonadal (HPG) axis, which may result from 
hormonal imbalance, leading to both infertility and ED. 

Erectile dysfunction is defined as an inability to achieve 
or maintain an erection sufficient for satisfactory sexual 
intercourse.’ ED is estimated to affect 30 million men in 
the United States and has a 10-20% worldwide preva- 
lence rate.'!°'’ Despite a growing understanding of the 
pathophysiology of ED and persistent improvements in 
treatment modalities, ED prevalence rates continue to 
rise, and approximately 322 million men are expected to 
have ED by 2025, a large increase from 152 million men 
in 1995.” Furthermore, the prevalence of ED increases 
with age and coincides with numerous chronic health 
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Table 18.1 Causes and distribution of male infertility. 


Hypothalamic-pituitary disorders (1-2 %) 


Congenital e Congenital GnRH deficiency (Kallmann syndrome) 


disorders e Hemochromatosis 


Multi-organ genetic disorders (Prader-Willi syndrome, Laurence-Moon-Bied| syndrome, familial cerebellar ataxia) 


Acquired disorders œ Pituitary and hypothalamic tumors (macroadenoma, craniopharyngioma) 


Trauma, post-surgery, post-irradiation 
Vascular (infarction, aneurysm) 


Systemic disorders — © Chronic illnesses 
Nutritional deficiencies 
Obesity 


Primary gonadal disorders (30-40%) 


Infiltrative disorders (sarcoidosis, histiocytosis, tuberculosis, fungal infections) 


Hormonal (hyperprolactinemia, androgen excess, estrogen excess, cortisol excess) 
Drugs (opioids and psychotropic medications, GnRH agonists or antagonists) 


Congenital e Klinefelter’s syndrome (XXY) and its variants (XXY/XY; XXXY) 
disorders © Cryptorchidism 
e Myotonic dystrophy 


Varicocele 

Androgen insensitivity syndromes 
5a-reductase deficiency 

Y chromosome deletions 


Acquired disorders œ Varicocele 

Viral orchitis (mumps, echovirus, arbovirus) 
Granulomatous orchitis (leprosy, tuberculosis) 
Epididymo-orchitis (gonorrhea, chlamydia) 


antagonists) 
lonizing radiation 


and phytoestrogens) 
Hyperthermia 


Trauma 


Torsion 


Castration 


Disorders of sperm transport (10-20%) 
e Epididymal dysfunction (drugs, infection) 


Functional prepubertal castrate syndrome (congenital anorchia) 


Drugs (e.g., alkylating agents, alcohol, marijuana, antiandrogens, ketoconazole, spironolactone, H2 receptor 


Environmental toxins (e.g., dibromochloropropane, carbon disulfide, cadmium, lead, mercury, environmental estrogens 


Immunologic disorders, including polyglandular autoimmune disease 


Systemic illness (e.g., renal failure, hepatic cirrhosis, cancer, sickle-cell disease, amyloidosis, vasculitis, celiac disease) 


e Abnormalities of the vas deferens (congenital absence, Young’s syndrome, infection, vasectomy) 
e Ejaculatory dysfunction (spinal cord disease, autonomic dysfunction, premature ejaculation) 


Idiopathic male infertility (40-50%) 


conditions, including type II diabetes, cardiovascular dis- 
ease, depression, dyslipidemia, hypertension, benign pros- 
tatic hypertrophy, lower urinary tract symptoms, and 
hypogonadism. Given the world’s aging population and 
the increasing prevalence of the aforementioned comor- 
bidities it is likely that the prevalence of ED will continue 
to increase. =! As with infertility, ED also places a 


substantial economic burden on both patients and society. 
1994 and 2000, expenditures for the 
management of ED, excluding the cost of pharmaceuti- 
cals, almost doubled from US$185 million to US$330 mil- 
lion.!? This increase in spending on ED treatment may 


Between 


represent an increased societal acceptance of ED as a 
treatable condition and a corresponding increase in 
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self-reporting and acceptance of treatment on behalf of 
the male population.” With regards to incidence, a recent 
study found that during the period 1995-2000 the inci- 
dence of ED increased from 5% to 6.5% but has since sta- 
bilized at approximately 5% per year.?! However, as the 
prevalence of the above comorbidities continues to rise, 
we can expect the economic burden of ED to correspond- 
ingly increase. 

Taken separately, infertility and ED have been well 
studied, and treatment strategies for these two conditions 
have dramatically improved over the past two decades, 
coinciding with the development of ICSI in 1992 and the 
approval of phosphodiesterase-5 (PDE5) inhibitors in 
1998. As the relationship between male infertility and ED 
becomes clearer, it is apparent that these conditions are 
inextricably linked. Evaluation and treatment of the 
infertile male may influence erectile function, and con- 
versely, ED can impact a man’s fertility. Given this rela- 
tionship, the clinician should consider both conditions 
when developing a management plan for affected men. 
In this chapter we provide a discussion of the similarities 
and differences between ED and male infertility — in 
terms of etiology and treatment — as well as the potential 
impact a diagnosis of infertility may have on male erectile 
function. Our goal is to provide clinicians and healthcare 
providers with a clearer understanding of the emerging 
links between ED and male factor infertility. 


Differences and common links 
between male infertility and erectile 
dysfunction 


Numerous causes of ED and male infertility have been 
identified to date, though it is clear that not all etiologies 
are known for either condition. The causes of ED are 
frequently multifactorial, comprising a mix of organic 
and psychogenic factors” (Table 18.2). Many of the dis- 
orders in Table 18.2 are chronic and systemic in nature, 
leading to damage of multiple tissue types, including 
vascular and nervous tissues, and often leading to effects 
on endocrine signaling. Together, the effects of these 
system-wide insults may result in ED.” Fortunately, 
the disease processes contributing to ED can often be 
identified, and in some cases risk modification by way of 
smoking cessation, increased exercise, weight control, 
diet optimization, and modification of activities leading 
to penile and perineal trauma, have been shown to 


significantly improve erectile function.” In cases 
where ED may be attributed to the effects of medica- 
tions, drug substitution, dosage adjustment, drug 
holidays, or drug cessation may restore sexual function 
in some men.”****? If further treatment of ED symptoms 
is required, a multi-modal therapeutic plan incorpo- 
rating medications, lifestyle modification, and surgery 
may be implemented. Many treatment modalities for 
ED, including oral therapy via PDE5 inhibitors, intra- 
cavernous injections, and intraurethral suppositories 
containing vasoactive medications; vacuum erection 
devices and penile prostheses; or revascularization sur- 
gery, have been extensively studied and efficacy rates 
clearly established.” This is helpful in giving both 
patients and clinicians a clear understanding of the ben- 
efits and risks of each therapeutic option. 

Although many causes of male infertility are known 
(see Table 18.1), 40-50% of causes remain unidentified, 
despite significant improvements in our diagnostic 
armamentarium and the use of new technologies in 
diagnosis. Without establishing a cause for a man’s 
fertility difficulties, it is not possible to develop a tar- 
geted treatment plan. As a result, empiric pharmaco- 
therapy is frequently utilized in affected men after 
limited laboratory evaluation of the HPG axis. Empiric 
therapies include gonadotropin-releasing hormone 
(GnRH)-, follicle-stimulating hormone (FSH)-, and 
luteinizing hormone (LH)-modulating drugs, anti-estro- 
gens (clomiphene citrate, tamoxifen citrate), aromatase 
inhibitors (testolactone, anastrozole), and antioxidants 
such as L-carnitine, a-tocopherol, ascorbic acid, and ret- 
inoids. Unfortunately, large-scale, randomized, placebo- 
controlled studies in infertile men of most of the above 
agents are lacking, and smaller studies have produced 
conflicting results as to the efficacy of these treat- 
ments.***° Assisted reproduction has become an increas- 
ingly popular treatment option for couples in whom a 
cause of infertility is not established or other therapies 
have failed. Intrauterine insemination (IUI) may be 
used to achieve conception in the setting of male subfer- 
tility, with a recent meta-analysis finding that couples 
were three times more likely to achieve a pregnancy 
through IUI when compared with timed intercourse. 
Successful fertilization rates using ICSI have been 
reported to be 70-80%, with corresponding pregnancy 
rates of up to 45%.°! What is frequently overlooked in 
both men and women with fertility difficulties is the 
possibility of a transmissible genetic lesion that may 
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Table 18.2 Classification of causes of erectile dysfunction. 


Organic 
Vasculogenic e Atherosclerosis 
e Hypertension 
e Hypercholesterolemia 
e Diabetes mellitus 
e Pelvic/perineal trauma or irradiation 
e Smoking 
e Peyronie's disease 


e Venous shunts (may be acquired after penile surgery) 


Neurogenic e Stroke 
e Parkinson's disease 
e Alzheimer’s disease 
e Encephalitis 
e Temporal lobe epilepsy 


© Spinal cord injury or associated CNS disorder (disk herniation, tumor, spina bifida, multiple sclerosis) 


e Pelvic trauma or surgery 

e Diabetic neuropathy 
Endocrinological e Hypogonadism 

e Hyperprolactinemia 

e Hyper- and hypothyroidism 


Drug-induced e Antihypertensives (diuretics, non-selective B-adrenergic blockers, spironolactone) 


e Antipsychotics (clozapine, risperidone, haloperidol) 


e Antidepressants (tricyclic antidepressants, monoamine oxidase inhibitors, selective serotonin reuptake inhibitors) 


e Lithium 


e Anxiolotics (benzodiazepines); newer anxiolytics (bupropion, buspirone) not associated with sexual side effects 
e Antiandrogens (LHRH agonists, finasteride, dutasteride) 


e Alcohol abuse 
Psychogenic 
Generalized e Primary lack of sexual arousability 
e Age-related decline in sexual arousability 
Performance anxiety 
Depression 


Situational 


e Partner-related (lack of arousability, partner conflict) 


affect the couple’s offspring. Recent data indicate that 
10-30% of male infertility is genetic in origin,” yet test- 
ing for genetic lesions is rarely performed, in part due to 
a lack of clinically available assays to test for a broad 
range of genetic defects. 

Despite the differences between many of the etiol- 
ogies and treatments of ED and male factor infertility, 
numerous common links exist between the two condi- 
tions, and having an awareness of these is crucial to a 
thorough workup of patients presenting with these 
conditions. 

Any condition that interferes with signaling through 
the HPG axis can potentially result in both male infer- 
tility as well as ED.**** Disorders resulting in testos- 
terone (T) deficiency are common causes of both 
conditions, as androgens influence the development of 


the male reproductive tract and affect libido and sexual 
behavior. A study conducted in the Boston area 
reported a 5.6% prevalence of symptomatic androgen 
deficiency (hypogonadism) in men between 30 and 79 
years old. Of symptomatic men, ED was reported as the 
primary symptom in 16% of cases. Hypogonadism is 
generally diagnosed via serum total T levels <300 ng/dL 
on two consecutive blood samples, as well as the 
presence of hypogonadal symptoms, including fatigue, 
decreased energy and libido, ED, insomnia, and 
increased fat mass, and may contribute to both ED and 
infertility.°*°°7! Of the various forms of T deficiency, 
hypogonadotropic hypogonadism (HH) is the most 
common and best described.“* HH may be subdivided 
into congenital, acquired, or idiopathic etiologies. 
Congenital causes of HH include Kallmann syndrome 
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(KS), Prader-Willi and Laurence—Moon-Bied] syn- 
dromes, and hereditary hemochromatosis, with KS 
being the most common of these.*”””? In cases of HH, T 
secretion from Leydig cells is diminished, which may 
result in both ED and infertility.”* Furthermore, in cases 
of HH, a decline in FSH production leads to impaired 
spermatogenesis. 

Hypogonadotropic hypogonadism may also be 
acquired secondary to hyperprolactinemia, defined as 
a serum prolactin of 220 ng/mL. Excessive prolactin 
suppresses GnRH release, impairs binding of LH to 
receptors on Leydig cells, and may decrease ejaculate 
volumes, culminating in both infertility and ED.7576 
Hyperprolactinemia is most commonly caused by a 
prolactin-secreting pituitary adenoma, but may also 
be secondary to conditions that interfere with the 
secretion of dopamine, which inhibits prolactin 
release. Lesions that inhibit dopamine secretion 
include tumors of the hypothalamus, infiltrative dis- 
eases such as sarcoidosis that damage dopamine- 
secreting cells in the central nervous system, or 
damage to the hypothalamic-pituitary stalk following 
trauma or surgery. Numerous drugs, including the 
antipsychotics risperidone and haloperidol, gastric 
motility agents such as metoclopramide and domperi- 
done, and antihypertensive medications including 
methyldopa and verapamil, can also cause hyperpro- 
lactinemia and consequently HH.” 

Thyroid disease has also been implicated in ED and 
male factor infertility. Both hyper- and hypothyroidism 
are known to affect steroid hormone metabolism and 
sperm quality and have been associated with subfertil- 
ity.’*°° Hyperthyroidism in particular has been shown to 
be associated with ED, whereas hypothyroidism has 
been postulated to primarily affect sexual desire and 
ejaculatory function.’ 

Iatrogenic causes of both male infertility and ED have 
also been reported. Surgical procedures that violate the 
retroperitoneum may result in obstruction of the vas 
deferens or ejaculatory ducts, or cause damage to the 
nerves involved in penile erection, seminal emission, 
and ejaculation.®’ Bilateral retroperitoneal lymphade- 
nectomy can result in sympathetic nerve injury leading 
to anejaculation or retrograde ejaculation, having a 
clear impact on male fertility, and may also lead to 
ED.***® Radical prostatectomy and radical cystoprosta- 
tectomy also carry with them a risk of ED from neuro- 
vascular injury and infertility due to transection of the 


vas deferens, removal of the seminal vesicles, and injury 
to nerves involved in ejaculation and erection, as 
above.*? Hormonal therapies for metastatic prostate car- 
cinoma impact both male fertility and erectile function, 
given that these medications reduce serum testosterone 
levels. An improved understanding of the neuro- 
anatomy of the pelvis has resulted in modification of 
surgical techniques to lower the incidence of iatro- 
genically induced sexual dysfunction.*’ Indeed, nerve- 
sparing techniques during radical prostatectomy have 
decreased the incidence of ED from 43-100% to 
30-50% following radical prostatectomy, and to less 
than 10% (from 15-100%) after radical rectal sur- 
gery.®”” Similarly, use of nerve-sparing techniques dur- 
ing radical cystectomy has been shown to improve 
postoperative quality of life and sexual function, with 
preservation of erectile function in 62%, 47%, 43%, 
and 20% of men between the ages of 40-49, 50-59, 
60-69, and 70-79 years old, respectively.” 

Other medications are also known to negatively 
impact both male fertility and sexual function. 
Spironolactone, a non-selective mineralocorticoid 
receptor antagonist, blocks both the epithelial and non- 
epithelial actions of aldosterone. With its moderate 
affinity for both progesterone and androgen receptors, 
spironolactone use carries with it a risk of sexual side 
effects, including ED, and through inhibition of testos- 
terone production, infertility..*°’ A variety of psycho- 
therapeutic medications have also been shown to affect 
erectile function and fertility. Antidepressant medica- 
tions, including selective serotonin reuptake inhibitors 
(SSRIs), monoamine oxidase inhibitors (MAOIs), and 
tricyclic antidepressants (TCAs), may lead to both ED 
and ejaculatory dysfunction.” Antipsychotics such as 
phenothiazines and the mood-stabilizer lithium, owing 
to their anti-B-adrenergic, anticholinergic, and/or anti- 
dopaminergic effects within the CNS, may also disrupt 
the HPG axis, leading to ejaculatory and erectile 
dysfunction, and reduction in libido.” 5a-Reductase 
inhibitors (SARIs), including finasteride and dutaste- 
ride, often used in the treatment of benign prostatic 
hypertrophy, have also been associated with a reduction 
in semen volume, ejaculatory disturbances, and ED.” 
In addition, 5ARI usage has been associated with 
reduced libido, and several studies have reported this 
effect in up to 5% of subjects. In some cases, persistent 
loss of libido even after discontinuation of the drug has 
been reported.!°71° 
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Although many of the above medications reduce 
serum androgen levels, the use of exogenous androgens 
may also affect male fertility. Exogenous androgen sup- 
plementation can impair spermatogenesis by suppress- 
ing GnRH secretion, and exogenous androgens can 
induce azoospermia, which may last 6 months or longer 
and in some cases be irreversible following cessation of 
androgen administration.’ While T therapy may be part 
of an appropriate treatment approach to the hypogo- 
nadal patient, its use should be limited in men desiring 
fertility, and alternative treatments, including anti- 
estrogens and GnRH receptor blockers, should be 


considered instead. Alternatively, recent studies indicate 
that judicious use of exogenous androgen concomi- 
tantly with medications that stimulate testicular testos- 
terone production, including human chorionic 
gonadotropin (hCG) and FSH, may preserve semen 
parameters in hypogonadal men.’°”!°8 

It should be noted that the links between male factor 
infertility and ED discussed above, and summarized in 
Table 18.3, do not represent the most common causes 
of infertility and/or ED. Though pathologies common 
to both male infertility and ED exist, most causes of 
both male infertility and ED are independent of one 


Table 18.3 Etiologies common to male infertility and erectile dysfunction (ED). 


Category Disorders 


Mechanism of dysfunction 


Endocrinological Congenital hypogonadotropic hypogonadism (HH) 

Kallmann’s syndrome 

Prader-Willi 

Gonadotropin subunit mutation 

DAX1 mutation 

GPR54 mutation 

Leptin or leptin receptor mutation 

Hyperprolactinemia 
Pituitary adenoma 
Hypothalamic tumors (i.e., craniopharyngiomas) 
Section of hypothalamic-pituitary stalk 
Antipsychotics (phenothiazines, haloperidol, 
pimozide, risperidone, molindone, olanzapine) 
Antidepressants (clomipramine, desipramine) 
Gastrointestinal drugs (cimetidine, 
metoclopramide) 
Antihypertensives (methyldopa, reserpine, 


verapamil) 
Hyper-/hypothyroidism 
Infiltrative Sarcoidosis 
disease Langerhans cell histiocytosis 


Hemochromatosis 
Drug-induced Suppression of gonadotropins 
Exogenous gonadal steroids 
Glucocorticoids 
Opiates 
GnRH analogs 
Psychotropic medication (SSRIs, MAOIs, TCAs) 
Antiandrogens (spironolactone, 5a-reductase 
inhibitors) 
latrogenic Radical prostatectomy 
Radical cystectomy 
Bilateral pelvic lymphadenectomy 


In all cases gonadotropin deficiency results in T deficiency, impaired 
spermatogenesis, and sexual dysfunction (loss of libido, ED in some cases) 


Excess prolactin inhibits GnRH secretion, leading to HH 


Both impair steroid metabolism, lower sperm quality, and are 
associated with ED 

Deposition and accumulation of compounds in hypothalamus or 
pituitary damages GnRH-, LH-, or FSH-secreting cells leading to HH 


Suppression of gonadotropins leads to HH, ED, ejaculatory dysfunction, 
or orgasmic dysfunction plus infertility via CNS activity 


Suppress production of T/DHT 


All pose risk of neurovascular injury and obstruction of sperm 
transport. Newer techniques have reduced incidence of such injuries 


DHT, dihydrotestosterone; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone; MAOI, monoamine 
oxidase inhibitor; SSRI, selective serotonin reuptake inhibitor; T, testosterone; TCA, tricyclic antidepressant. 
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another (see Tables 18.1 and 18.2). However, there is 
also a psychological relationship between an infertility 
diagnosis and ED that may pose interesting challenges 
to patients, their partners, and the clinicians treating 
them. This relationship is explored in the following 
section. 


The impact of infertility on 
erectile dysfunction 


Achieving a sense of sexual compatibility is integral to 
most intimate relationships, and in many of these rela- 
tionships, one or both partners report a strong desire for 
a child. While society’s expectations of procreation 
may influence sexual behavior, at least to some degree, 
a feeling of sexual togetherness is important to overall 
sexual health and relationship stability. Thus, sexual 
satisfaction and the desire to have children are interre- 
lated, and it therefore seems intuitive that a diagnosis of 
infertility, which can heighten anxiety and increase 
stress levels, may be associated with an increased inci- 
dence of male sexual dysfunction. 

A diagnosis of male factor infertility is associated with 
a loss of self-esteem, increased anxiety, and overall 
diminished feelings of self-worth in the male partner.''° 
Shindel et al., in a study of 121 infertile couples, found 
that male subjects reported significantly lower scores on 
the Mental Health subscale of the Short Form 36 (SF-36) 
questionnaire, a validated instrument for assessing one’s 
perception of physical health, than the general 
population, indicating a poorer perception of their 
mental health. Furthermore, 11% and 12% of men in 
this study reported moderate and severe depressive 
symptoms, respectively, as assessed by the Center for 
Epidemiologic Studies Depression Scale (CES-D) ques- 
tionnaire, a validated tool for assessment of depressive 
symptoms. The same study found that while mean erec- 
tile function domain (EFD) scores of the International 
Index of Erectile Function (IEF) questionnaire were 
above the cut-off value for a diagnosis of ED, 22% of 
men had EFD scores of less than 26 and of these, 18% 
and 4% had mild and moderate ED, respectively.'!! 
Monga et al. similarly found that infertile men had sig- 
nificantly lower total and intercourse satisfaction scores 
on the IEF compared with controls, and Jain et al. 
found, in a survey of 175 infertile couples in India, that 
premature ejaculation, erectile dysfunction, decreased 


libido, and orgasmic failure were reported by 66%, 
15%, 11%, and 8% of male partners, respectively. 17" 

The stress induced by both the diagnosis and treatment 
of infertility may result in increased male sexual 
dysfunction and reduced sexual activity among infertile 
men.''* When the male factor is identified as the sole 
cause of infertility in a couple, men experience greater 
distress and sexual dysfunction than when a female or 
mixed etiology is responsible.'!? Furthermore, the prev- 
alence of ED, determined by a score of less than 22 on 
the Sexual Health Inventory in Men (SHIM) question- 
naire, and the frequency of hypogonadal symptoms, 
determined by a positive finding on the Androgen 
Deficiency in the Aging Male (ADAM) questionnaire, 
were both significantly higher among infertile men 
compared with men with proven fertility. The investiga- 
tors further postulated that, due to the relatively young 
age and overall good health of the subjects in this study, 
as well as the lack of correlation between ED, hypogo- 
nadal symptoms, and serum T levels, both ED and 
hypogonadal symptoms were “likely multifactorial and 
probably largely due to psychogenic factors” related to 
infertility.''® Given these associations, it is not surprising 
to find that a link exists between depression, anxiety, 
and stress, and reduced sexual frequency, desire, and 
overall sexuality, particularly in men who already have 
diminished fertility.'!7"?° Given that corporal smooth 
muscle contraction, and therefore detumescence, is 
mediated in part by noradrenaline (norepinephrine), 
ED in this setting may be due to increased noradrena- 
line production in response to the stress associated with 
an infertility diagnosis. 

Diagnostic tests performed as a result of a standard 
infertility workup may also exacerbate difficulties with 
sexual function in men. Semen analysis, generally the 
first diagnostic test of an infertility workup, frequently 
requires the patient to provide a semen sample in the 
clinic and under time constraints. Under these circum- 
stances, transient ED and ejaculatory difficulties may be 
experienced by the male patient. In addition, the 
identification of abnormal semen parameters on the first 
semen analysis can also lead to erectile and orgasmic 
difficulties. Saleh et al. observed that 11% of men 
undergoing infertility evaluation experienced problems 
with erection or orgasm after detection of an abnor- 
mality in their first semen analysis.!?? 

Some clinics may try to ameliorate difficulties in 
obtaining a semen sample by offering patients the 
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option to collect samples at home and bring them to the 
clinic within 1 hour. However, even in this scenario the 
potential for transient ED arises owing to the “forced” 
nature of sexual activity. Many couples are also advised 
to schedule sexual intercourse around the period of 
female ovulation, which may diminish the spontaneity 
of the sexual act and result in performance anxiety, ED, 
and ejaculatory dysfunction.’ Owing to the “calcu- 
lated” nature of the resulting sexual intercourse, many 
men have reported avoiding sex outside of this time 
frame and a decline in libido has been reported in almost 
10% of men after fertility evaluation.!?°'** 

It is important to note that the results of these studies 
do not necessarily establish a causal relationship bet- 
ween infertility and ED, and our aim here is not to make 
such a claim. Rather, the data show that an association 
between the two very well might exist, and that the 
initial diagnosis and workup of infertility can have a 
substantial impact on male sexuality. In addition, 
outside influences and social pressures related to suc- 
cessful reproduction may also have marked effects upon 
male psychosexual function, and may ultimately lead to 
sexual dysfunction.'’”? As such, it is important for the 
clinician to be aware of these associations and take pro- 
active measures to counsel and treat these patients 
accordingly. 


Overview of the evaluation of 
erectile dysfunction 


The modern management of ED has been marked by a 
drive to establish evidence-based best practices that are 
both standardized and proceed in a step-wise, goal-ori- 
entated fashion. The current philosophy behind the 
management and treatment of ED revolves around a 
“patient-centered, goal-directed” approach, originally 
described by Lue.'*'?’ The foundations of this paradigm 
stress the importance of pursuing ED management and 
treatment in a methodical, evidence-based manner, 
beginning with a thorough medical, sexual, and psycho- 
social history followed by a focused physical examina- 
tion and pertinent laboratory testing (Figure 18.1).'8 
The clinician is then encouraged to present treatment 
options to the patient or couple in a manner that is 
sensitive to the cultural, ethnic, and religious factors 
that may influence the patient’s preferred treatment 
path.’”’ The goal of this approach is to allow the patient 


or couple to make an informed decision regarding 
treatment that is consistent with their view of sexual 
fulfillment.’°'*' Since its initial description, this model 
has been further buoyed by a series of internationally 
accepted consensus meetings, chief among these being a 
series of reports generated from the International 
Consultations on Sexual Medicine (ICSM).!?7!? 

A step-wise approach to the management and 
treatment of ED begins with the understanding that, 
unlike a variety of disease processes, a diagnosis of ED 
commonly hinges upon the subjective complaint(s) of 
the patient. Extensive diagnostic testing and objective 
data gathering are not necessarily required to initiate 
ED treatment, although such data may be helpful in 
guiding treatment in particular cases.'** Regardless, an 
essential first step in ED management is a comprehen- 
sive sexual, medical, and psychosocial history.'?-'*” 

Given the association between ED and several chronic 
medical conditions and adverse lifestyle habits (e.g., 
diabetes, cardiovascular disease (CVD), hypertension, 
prostate disease, obesity, sedentary lifestyle, cigarette 
smoking), the medical history of the ED patient should 
focus on elucidating the existence and extent of these 
underlying conditions.’*7?%'8 The third Princeton 
Consensus Guidelines Panel, acknowledging the fre- 
quent coexistence of ED and CVD, recommended that 
all men presenting with ED should undergo an initial 
cardiac assessment with stratification of their cardiac 
risk, regardless of the presence or absence of overt 
cardiac symptoms.” This algorithm places ED patients 
into three categories — low, medium, or high cardiac 
risk — and guides management based upon this stratifi- 
cation (Figure 18.2). A complete medical history would 
also include an assessment of the known organic causes 
of ED, such as neurological disease, hypogonadism, thy- 
roid disorders, pelvic trauma, medication usage, and so 
forth. These known organic causes of ED have been 
described previously and are presented in Table 18.2. 

The sexual and psychosocial history of the ED patient 
is also of vital importance in framing the patient’s overall 
sexual well-being and confirming the diagnosis.'*° This 
includes establishing the duration and severity of erec- 
tile dysfunction, as well as assessing the entirety of the 
male sexual response cycle (i.e., libido, ejaculation, and 
orgasm). Partner sexual function and the patient’s rela- 
tionship satisfaction (both past and present relation- 
ships) are also important in establishing the broader 
picture of the patient’s overall sexual health. Inquiring 
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PATIENT REPORTED 
ED 


Medical 


e Identify reversible risk factors 


co. 


Focused physical exam 


e Penile abnormalities 


Psychosocial 


e Psychosocial distress 
» Pa J ty 


ASSESSMENT 


Sexual 


 Sexual/relationship history 


Basic laboratory tests 


e Fasting glucose +/— HbA 1c 


Figure 18.1 Algorithm for the diagnostic evaluation of erectile dysfunction (ED). 


about potential sources of anxiety, depression, or rela- 
tionship distress may serve to reveal emotional or envi- 
ronmental stressors that might contribute to, or 
exacerbate, ED.'*! There are several validated, self- 
administered ED questionnaires, such as the HEF and 
SHIM, and these may provide useful information to 
supplement the history. The HEF, mentioned previously, 
consists of 15 questions addressing five domains of 
sexual function — erectile function, orgasmic function, 
sexual desire, intercourse satisfaction, and overall satis- 
faction. The SHIM, a five-item questionnaire adapted 


from the IIEF, focuses specifically on erectile function 
and serves as a useful, brief, and easily administered ED 
screening tool. Information gleaned from patient 
responses to questionnaires may help stratify patients 
based on ED severity and can aid the clinician in estab- 
lishing a clearer understanding of the patient’s sexual 
health status. %4? 

A focused physical exam is also highly recommended 
and should include an assessment of the cardiovas- 
cular, neurological, and genital systems.!”° A finding of 
elevated blood pressure or reduced peripheral pulses, 
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SEXUAL HEALTH 


ASSESSMENT 


ED CONFIRMED 


ASSESS EXERCISE 


TOLERANCE? 


LOW RISK 


INTERMEDITE RISK | 


HIGH RISK 


STRESS TEST? 


LOW RISK 


TREAT ED 


HIGH RISK 


CARDIOLOGY 
CONSULT 


Figure 18.2 Princeton III Consensus Panel recommendations for management of erectile dysfunction (ED) in cardiovascular disease 
(CVD). *Sexual activity is equivalent to walking one mile on flat surface in 20 minutes or briskly climbing two flights of stairs in 10 
seconds. "Sexual activity is equivalent to four minutes of the Bruce treadmill protocol. Low-risk patients are those able to perform 
exercise of moderate intensity without symptoms. This group also includes patients with a history of successful revascularization, 
asymptomatic controlled hypertension, mild valvular dysfunction, and left ventricular dysfunction (New York Heart Association 
(NYHA) class I and II). High-risk patients are those with moderate to severe cardiac symptoms, including unstable angina pectoris, 
uncontrolled hypertension, congestive heart failure (NYHA class IV), recent myocardial infarction (MI; <2 weeks), high-risk 
arrhythmia, severe cardiomyopathy, and moderate to severe valve disease.Source: Kostis et al. (2005).'” Reproduced with 


permission of Elsevier. 


for example, may reveal undiagnosed cardiovascular 
disease concomitant with the patient’s ED.**'* The 
absence of secondary sex characteristics or presence of 
a distinctive body habitus might point to an underlying 
endocrine disorder or congenital abnormality (e.g., 
Klinefelter’s or Kallmann syndrome). An evaluation of 
the genital system may uncover evidence of pelvic 
trauma, penile deformity (Peyronie’s disease), or tes- 
ticular abnormality, while findings of an abnormal 
neurological exam may suggest the presence of a 
peripheral neuropathy portending a diagnosis of 
diabetes mellitus. Given that the etiology of ED is often 
multifactorial, physical exam findings alone might not 
pinpoint a specific cause. Rather, the physical exam 
may help corroborate aspects of the history, provide 
direction to subsequent diagnostic testing and labora- 
tory work, and in some cases, uncover undiagnosed 
comorbidities.'?**” 


The choice of laboratory testing should be equally 
focused and flow from the information obtained from 
the history and physical examination. Recommended 
laboratory tests for the evaluation of ED include serum 
chemistries, fasting glucose, HbAlc, complete blood 
count, lipid profile, and serum total testosterone 
(Figure 18.1).'’8 In select cases, additional testing may 
be ordered at the clinician’s discretion if particular etiol- 
ogies, such as hypogonadism, thyroid disease, hyperp- 
rolactinemia, or others are suspected .°7!/178133,144-146 


Treatment considerations for 
erectile dysfunction 


Once a diagnosis of ED has been established appropriate 
treatment may commence (Figure 18.3). Given the 
association between ED and comorbid health conditions 


162 Chapter 18 


ED CON 


FIRMED 


or 


Vv 


PSYCHOGENIC 
aa 


ORGANIC 


TRAUMA 


Vv 


PSYCHOSEXUAL 
THERAPY 


Vv. 


SURGICAL 
EVALUATION 


INITIAL INTERVENTION 


e Patient education regarding risk factors, comorbidities 

e Treat modifiable risk factors — lifestyle modification including diet 
(Mediterranean), smoking cessation, exercise, alcohol reduction 

e Treat underlying cause (hypogonadism, BPH/LUTS), if present 

e If ED therapy necessary, proceed to... 


e PDES inhibitors 
e + VED 


| 


FIRST-LINE THERAPY 


e If not satisfied 


o Consider VED 
o Re-trial 
o If re-trial fails... 


ASSESS RESPONSE 
e If patient satisfied, continue therapy 


o Counsel patient on proper use of drug, 
including dose timing and sexual stimulation 
o Dosage titration; consider alternative PDESi 


l 


SECOND-LINE THERAPY 


e Intraurethral alprostadil 
e Intracavernosal injections 


l 


THIRD-LINE THERAPY 


e Penile prosthesis 
e Penile revascularization 


Figure 18.3 Treatment algorithm for management of erectile dysfunction (ED). BPH, benign prostatic hyperplasia; LUTS, lower 
urinary tract symptoms; PDE5i,phosphodiesterase type 5 inhibitor; VED, vacuum erection device. 


such as diabetes, hypertension, and cardiovascular dis- 
ease it is logical to presume that lifestyle modification 
might play a role in optimization of overall sexual 
health. Several reports have suggested such a beneficial 
effect. For example, cessation, 


smoking weight 


reduction, increased exercise, and adoption of a healthy 
diet have all been shown to provide a beneficial effect 
on erectile function.?ć?832147-149 However, few data exist 
evaluating the effects of lifestyle modification on ED, 
and reports often differ on the efficacy of lifestyle 
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changes and reversal of ED symptoms.**?! However, it is 
advisable to counsel patients on the importance of 
adopting healthy lifestyle habits to improve sexual 
health, notwithstanding the need for pharmacotherapy 
or medical interventions.1°°'?! 

Given their relative convenience, simplicity, and ease 
of use, oral pharmacotherapy in the form of PDE5 inhib- 
itors (PDESis) represent a first-line treatment option for 
ED.!® Currently, three oral PDE5is comprise the main- 
stay of oral ED therapies: sildenafil, vardenafil, and 
tadalafil. Each of these oral agents blocks phosphodies- 
terase-5 from degrading cGMP, the penultimate down- 
stream mediator of corporal smooth muscle relaxation 
that mediates erection. All three PDESis have similar 
efficacy and tolerability, although subtle differences bet- 
ween these three agents exist. However, superiority of 
one agent over the others has not been established, 
mostly owing to lack of comparative, head-to-head 
clinical trials.” While sildenafil and vardenafil exhibit 
similar half-lives of 3—5 hours, tadalafil possesses a half- 
life of approximately 18 hours, which has led to a daily 
dosing protocol for tadalafil, and it may be a useful 
alternative for patients in select cases.'*? All three medi- 
cations interact to some degree with a-adrenergic 
receptor blockers, such as those used to treat hyperten- 
(LUTS). 
Vardenafil is contraindicated in all patients taking alpha 
blockers, and both sildenafil (50 mg and 100 mg doses) 
and tadalafil should be administered with caution to 


sion and lower urinary tract symptoms 


such patients. All three PDE5is are absolutely contrain- 
dicated in patients taking any form of nitrate 
medication. °° 

Overall, PDE5is are effective, with successful sexual 
intercourse rates of approximately 70%. However, these 
medications are not effective or sufficient in all patients.*° 
In the event a patient fails a trial of PDESis, the best next 
step is to reassess the therapeutic plan. Several modifi- 
able factors influence the success or failure of PDE5i 
therapy. For example, the timing of medication use is 
important. PDESis should be taken on demand approxi- 
mately 1 hour before initiating sexual activity. This 
interval allows sufficient time for achievement of peak 
serum concentrations and peak efficacy. In addition, 
achieving an erection sufficient for intercourse also 
depends on the presence of adequate sexual stimulation. 
PDE5is inhibit degradation of nitric oxide (NO) by cGMP, 
but NO release is dependent on sexual stimulation and 
arousal. Insufficient stimulation may therefore result in 


suboptimal NO levels and diminished PDE5i efficacy. 
PDE5i efficacy may be also be limited by high fat intake, 
and reduction of fat intake proximal to drug usage may 
improve PDE5i efficacy. The patient should also be aware 
that up to 10 attempts with PDE5i may be necessary to 
achieve satisfactory erections, although high first-use 
response rates can occur.**'°**¢ If treatment failure per- 
sists despite appropriate medication usage, the clinician 
may consider second-line options. 

Second-line therapy for the treatment of ED consists 
of intracavernous injectable (ICI) agents or intraurethral 
suppositories.'°’ Alprostadil, a synthetic formulation of 
the potent vasodilator prostaglandin E, (PGE,), is avail- 
able as an intraurethral suppository, which is inserted 
through the urethral meatus to the distal urethra, from 
where the drug is absorbed through the urethral mucosa 
and into the corpora cavernosa, stimulating erection. Up 
to 56% of men will engage in intercourse to completion 
in two of three attempts using intraurethral alprostadil 
(IUA).'°8 However, other studies have shown lower suc- 
cess rates and a lack of consistency in treatment 
response.’*”'©° Clinicians must take care to present real- 
istic expectations to patients in light of the variable data 
on outcomes with IUA. Of note, the efficacy of IUA may 
be supplemented with the use of an adjustable penile 
constriction band designed to prevent medication migra- 
tion out of the corpora. PDE5is may also serve as an 
adjunct to patients using IUA, with combination therapy 
with PDES5is having improved efficacy compared with 
IUA alone.'*''® The most common adverse events asso- 
ciated with IUA are penile or urethral pain, seen in 
upwards of 50% of cases. Headache, dizziness, or minor 
bleeding are also associated with IUA usage, but at much 
lower rates (between 1 and 10%).'° 

Intracavernosal injection of vasoactive agents repre- 
sents the most effective non-surgical treatment for ED, 
and is successful in otherwise normal men with ED as 
well as difficult-to-treat subgroups of men with ED, 
including those with diabetes, cardiovascular disease, and 
other chronic illnesses.'**1%° As the name suggests, ICI 
involves the direct injection of vasodilatory drug into the 
corpora cavernosa. Alprostadil, papaverine, and phentol- 
amine are the three agents regularly used in clinical prac- 
tice, and they may be administered either as single agent 
or in combination. Success rates of up to 70-90% have 
been reported with ICI, depending on the combination of 
agents used.'°’!” Possible side effects of ICI include pain 
at the injection site, penile pain with erection, penile 
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fibrosis, and priapism.'®”!”? However, these side effects 
may be mitigated by using combination rather than 
monotherapy.'”! ICI is contraindicated in patients with a 
history of psychiatric disorder or mental instability, risk of 
priapism, coagulopathy, or cardiovascular disease, or in 
those deemed unable to administer self-injections (e.g., 
poor manual dexterity, morbid obesity). 

A brief note regarding vacuum erection devices 
(VEDs) is also warranted in this discussion. These may 
be used as first-line ED therapy or as an adjunct to first- 
or second-line therapies.'7? VEDs are medical devices 
consisting of a cylindrical chamber into which the penis 
is inserted. Air is extracted from the chamber, creating 
negative pressure around the penis and drawing blood 
into the corpora, resulting in erection. An elastic con- 
striction band is then placed around the base of the 
penis to prevent blood regress and the device is 
removed.'”*'” The constriction band should be left in 
place for no longer than 30 minutes, given the risk of 
cavernosal ischemia, and if the patient requires an erec- 
tion lasting more than 30 minutes, the band must be 
released, detumesence achieved, and the procedure 
repeated.'”*'”” Unlike medical therapies, VEDs do not 
activate or modulate a biochemical signaling pathway, 
and as such, do not produce a “physiologic” erec- 
tion. 748 Nevertheless, they are effective in generating 
erections sufficient for intercourse 60-90% of the time. 
Unfortunately, patient satisfaction rates with VEDs are 
low overall, between 30 and 68%.!7°"** Complications 
associated with VEDs are relatively infrequent, tend to 
decrease with continued use of the device, and include 
penile pain, petechiae, bruising, and difficulty with ejac- 
ulation given the physical obstruction of ejaculate 
passage. 180185 

If a patient fails oral, intraurethral, or injectable 
therapy, third-line treatment for ED involves surgical 
management via implantation of a penile prosthesis or, 
in select cases, penile revascularization surgery.'*”18°18” 
However, an in-depth discussion of the surgical 
management of ED is beyond the scope of this chapter. 


Erectile dysfunction treatment 
for infertile men 


In the setting of male infertility, the algorithm for ED 
management does not deviate greatly from Figure 18.3. 
However, the clinician should be aware that in the 


setting of male infertility, overall ED rates, as well as 
prevalence of psychogenic ED, may be higher than in 
the general population.'’*'** This interplay has been 
discussed above, and in such cases, psychosexual 
therapy might be a valuable treatment option.'§?'!*! 
Unfortunately, the necessary volume of evidence-based, 
well-controlled, and large-scale trials investigating the 
effectiveness of psychosexual therapy in ED treatment is 
lacking. That said, psychosexual therapy has shown 
benefit in men with ED, especially those who continued 
therapy for longer time intervals.'®! The dearth of evi- 
dence notwithstanding, consultation with a trained 
sexual therapist is an important treatment modality to 
consider in the infertile male, as integrated treatment 
plans combining psychosexual and medical therapy 
may aid the patient in achieving overall sexual 
well-being. 02 

The spectrum of ED treatments affects the male sexual 
response cycle, and may therefore negatively impact 
male fertility. The effect of PDE5is on male fertility and 
seminal parameters is discussed elsewhere in this text, 
although no apparent negative effects have been 
reported. 

Studies investigating the effects of IUA on semen 
parameters have reported no adverse effects on sperm 
motility, viability, or membrane integrity.’ In contrast, 
phentolamine and other «l-receptor antagonists may 
negatively impact sperm quality and ejaculatory 
function. Andrade et al. showed a dose-dependent 
reduction in sperm motility in men using phentolamine, 
while Kobayashi et al. observed loss of seminal emission 
in 15 healthy male volunteers while on silodosin, an 
al-receptor antagonist.'*!°? The general association 
between al-receptor antagonists, such as prazosin and 
phentolamine, and impaired ejaculation is also well 
established.'*°!°? However, consensus data regarding the 
effect on male fertility of intracavernous phentolamine, 
specifically when delivered in combination with other 
ICI agents such as alprostadil and papaverine, has not 
been established. 

As mentioned previously, VEDs may cause difficulty 
with ejaculation and trapping of ejaculate due to ure- 
thral compression in 12-30% of patients; this may pose 
a problem for men seeking treatment for both infertility 
and ED.'* 

Overall, the current evidence base examining the 
effects of ED therapies on infertility shows little detri- 
mental effect on fertility apart from several specific 
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drugs, supporting the use of most ED therapies in men 


with fertility concerns or difficulties. 


Conclusion 


Since the first successful delivery resulting from in vitro 


fertilization was reported in 1982, progress in the field 


of ART has been dramatic.” Consumer consumption 


and the increased availability of ART, and consequently 


the number of babies born via these technologies, have 


significantly increased in recent years. An area of 


particular excitement in this new age of reproductive 


healthcare is that of male factor infertility. Couples who 


previously would have no recourse other than donor 


insemination or adoption, due to the presence of a 


severe male factor or prior treatment failures, may now 


achieve pregnancies thanks to the breakthroughs in 


ART. One area of future investigation in this realm is 


that of the relationship between male infertility and ED. 


While recent work describes clear relationships between 


ED and male infertility on numerous levels, including 


causes and treatments, numerous etiologies of both 


conditions, as well as cause-specific treatments, remain 


to be elucidated. 


Ultimately, the clear association between ED and 


male infertility highlights the need to consider these 


entities together when evaluating the infertile male or 


the male with erectile difficulties, and to target the eval- 


uation and treatment approaches to afflicted men. 
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Effective drug therapy for erectile dysfunction (ED) is a 
relatively recent advance in management. Historically, 
ED was treated with a presumption that the major 
underlying abnormalities were psychological. As a 
result, the management of ED was under the care of 
psychologists and sex therapist in the early 20th century. 
Therapies typically were psychoanalysis, sex therapy, 
and hormonal manipulation. With a better under- 
standing of the etiology of ED and the vascular anatomy 
of the penis, it became apparent that a significant 
proportion of men suffered from organic ED. Manage- 
ment shifted from a predominantly psychoanalytic 
approach, towards surgery. With increasing knowledge 
and research activity, local therapies such as intracaver- 
nosal injection (ICI) were introduced in the 1980s. 
Brindley most famously injected his own penis prior to 
the start of a presentation at a conference, and then 
demonstrated his erection to the audience at the pre- 
sentation’s conclusion.’ These discoveries led to better 
understanding of erectile physiology and allowed for 
the regulatory approval of new agents and identification 
of novel targets for pro-erectile therapy by several dif- 
ferent routes (oral, sublingual, buccal, topical, etc.). 
Today there is a surge of research being performed on 
maximizing existing approaches, developing new agents 
with enhanced tolerability and efficacy profiles. 
However, the ideal therapy of the future, one that 
would have the potential to permanently cure the 
patient’s ED such that ongoing medical treatment would 
not be required, still remains to be discovered. 


General approach to drug therapy 


Medication effects 
Prior to initiating new drug therapy for erectile 
dysfunction it is important to review existing medi- 
cations and comorbidities, identifying all contributing 
factors to erectile dysfunction. In particular, when a 
patient complains of sexual symptoms after initiating a 
new medication, it is important to determine if the 
symptoms are related primarily to sexual drive, erectile 
dysfunction, or alterations in ejaculation. Our current 
understanding of normal erectile physiology makes it 
easy to understand how some medications can interact 
with erections. Older antihypertensives, such as meth- 
yldopa and reserpine, have a high incidence of sexual 
dysfunction due to their central suppressive effects. 
Thiazides also have an association with ED,’ as does spi- 
ronolactone, which may interfere with testosterone 
synthesis.** Specific alpha-1 blockade may, however, be 
protective of ED.’ Interestingly, statin therapy may sal- 
vage hypercholesterolemic sildenafil non-responders,’ 
but has also been shown to induce a_ primary 
hypogonadism. ° 

While it seems intuitive that cardiac specific diagnoses 
and medications may exacerbate erectile dysfunction, 
many other medications across a wide range of 
therapeutic fields can induce erectile dysfunction. 
Table 19.1 summarizes a sample of drugs from different 
classes with reported effects on erectile function. 
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Table 19.1 Selection of drugs reported to cause erectile dysfunction as a side effect. 


Class Example 


Gastrointestinal 
Neuropsychoactive 
Analgesics 
Antihypertensives 
Antiandrogens 
Anti-infectives 


Testosterone replacement 

Men with ED secondary to low testosterone will often 
require some degree of supplementation in order to 
regain their erectile capacity. The specifics of managing 
these endocrinopathies and the different formulations 
of testosterone are discussed elsewhere. However, a note 
should be made that in cases of phosphodiesterase-5 
inhibitor (PDE5-inhibitor) failure with concomitant 
hypogonadism, testosterone replacement therapy may 
salvage the ability to respond and allow for a more 
robust response to PDE5 inhibitor therapy.’”® 


Pharmacological therapies 


The clinical efficacy of a drug for ED can be determined 
through a variety of methods. The simplest is a subjective 
assessment of efficacy by asking the patient “Has the 
treatment you have been taking over the past 4 weeks 
improved your erectile function? Yes/No”? In much of 
the early literature on erectile dysfunction this was con- 
sidered the General Assessment Question (GAQ). While 
it does not give the investigators any information on 
rigidity, reliability, or intercourse success, it does provide 
a subjective assessment of the patient’s perspective. 
During the initial studies on sildenafil, the International 
Index of Erectile Function (IEF) was developed to quan- 
tify the efficacy of treatment.'° This was a carefully con- 
structed questionnaire of 15 questions, covering five 
domains including erectile function, orgasmic function, 
sexual desire, sexual satisfaction, and overall satisfaction. 
A couple of interesting points need to be addressed about 
the original HEF questionnaire; +primarily that all men 
with anatomical abnormalities of the penis (e.g., 
Peyronie’s disease) and men with a history of priapism 
were excluded from the development of the question- 
naire. Additionally, almost 50% of those in the study had 


Metoclopramide,'®” cimetidine'®*'®° 


Typical antipsychotics, '%° atypical antipsychotics, '*! cannabis,'°* ethanol, "1% antidepressants, '®° gabapentin'?> 
Opioids, '°° celecoxib, '°” indometacin'?® 

Clonidine, '*°'°° reserpine,?° spironolactone,?42 thiazides? 

5-Alpha-reductase inhibitors (dutasteride, finasteride),2°'7° goserelin,?° triptorelin,? leuprolide?” 
Ketoconazole, '®? protease inhibitors,2°° antivirals?” 


no organic component to their ED.'° However, the ques- 
tionnaire did demonstrate excellent test-retest, construct, 
and discriminatory validity, and has since become a “gold 
standard” for evaluation of the efficacy of erectogenic 
interventions. At 15 questions the tool was cumbersome 
at times, and many authors began reporting only on the 
erectile function domain (IIEF-EF), which consisted of 
questions 1-5 and 15. The final metamorphosis of the 
IEF came when a desire to design a diagnostic tool for ED 
arose, and an abridged version of the IEF was produced 
that was able to categorize men into five categories of 
severity of erectile dysfunction.'! A final questionnaire is 
the Sexual Encounter Profile (SEP), which is a series of 
five yes/no questions that the patient fills out after each 
attempt at intercourse. Question 2 (“Were you able to 
insert your penis into your partner’s vagina?”) and 
Question 3 (“Did your erection last long enough for you 
to have successful intercourse?”) are the most reported 
values from the questionnaire. In particular, SEP 
Question 3 (SEP3) is considered the most rigorous 
measure of clinical efficacy in ED trials.’ 


Oral phosphodiesterase-5 (PDE5) inhibitors 

Like many major breakthroughs in medicine, the dis- 
covery of PDE5 inhibitors for management of ED was a 
happy accident. In an attempt to develop a new way to 
manage angina, the PDE5 enzyme was specifically tar- 
geted due to its exclusive catalytic activity on cyclic 
guanosine monophosphate (cGMP).!? The hope for 
Pfizer was that finding an endogenous method of aug- 
menting the response of NO would allow them to 
avoid the tachyphylaxis associated with exogenous 
administration of NO in the management of angina.!” 
However, as the preclinical studies progressed, the effi- 
cacy for treatment of angina was not sufficient, and the 
short half-life necessitated a cumbersome three times a 
day administration. It was at this juncture that the side 
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effect reported by many of the males in the study of 
increased penile erectile capacity, which had been 
ignored previously, was then exploited.'* In 1994 the 
first studies looking into sildenafil’s use as an erecto- 
genic aid began, and these were reported in 1996." This 
first study not only demonstrated the efficacy of PDE5 
inhibition on erections, but also showed a favorable 
dose-response curve, demonstrated tolerability of the 
medication,” and exploited the short half-life by suc- 
cessfully demonstrating on-demand use.'* 

Some level of sexual stimulation or arousal is required 
to initiate the release of NO to activate soluble guanyl 
cyclase to create CGMP. PDE5 inhibitors inhibit the 
breakdown of cGMP thereby augmenting the original 
pro-erectile signal leading to a decrease in intracellular 
calcium and ultimately smooth muscle relaxation.’? An 
important distinction is that the drug does not cause 
erections directly and still requires sexual stimulation 
and arousal in order to augment the pro-erectile signal. 

Clinically relevant pharmacokinetics of the three 
most used PDE5 inhibitors (sildenafil, vardenafil, and 


tadalafil) involves an understanding of time to peak 
concentrations, half-life, PDE5 affinity, and cross-reac- 
tivity. These are summarized in Table 19.2. Notable 
points include the similar half-lives of sildenafil and var- 
denafil versus the prolonged half-life of tadalafil, which 
has obvious implications towards length of time one 
must wait before administering nitrates. Each agent has 
unique side effects or cautions, such as PDE6 crossover 
inhibition with sildenafil causing blue vision; more 
backaches and myalgias with tadalafil; and a caution 
against concomitant use of antiarrhythmics with varde- 
nafil. There are also differences in the affinity of each 
agent to the PDE5 enzyme, which would explain why 
vardenafil seems to have a larger therapeutic window 
despite a similar half-life to sildenafil. These features 
may become important when discussing which agent to 
try first, and what to expect. 

Despite the minor structural differences between the 
PDE5 inhibitors, all have demonstrated efficacy in multiple 
large multicenter trials. The Global Assessment Question 
(GAQ) is typically positive in approximately 80% of 


Table 19.2 Characteristics of three major phosphodiesterase inhibitors. 


Sildenafil Vardenafil Tadalafil 

Half-life (h)? 3.82 + 0.84 3.94+1.31 17.5 

Earliest onset (min)? 14 11 16 

>50% part response (min)? 20 25 30 

Success (%) measured at time (h) [vs placebo (%)]* 69 % atih 78% at 4h [vs 57%] 60.9% at 24 h + 2 [vs 36.8%] 
81% at 4h [vs 31%] 70% at >6 h [vs 24%] 64.1% at 36 h + 2 [vs 41.8%] 
60% at8h 87% at 8h [vs 57%] 
31% at 12h 

Dosage? 100 mg 20 mg 20 mg 

PDE6 affinity/PDE5 affinity” 0.09 0.0053 0.04 

Side effects:4°* 

e Headache 14.6% 15% 14% 

e Flush 14.1% 11% 4% 

e Dyspepsia 6.2% 4% 10% 

e Back pain 0% 2% 6% 

© Rhinitis 2.6% 9% 5% 

e Color visual disturbances 5.2% 0% 0% 


Data sources: 

a Shabsigh et al.?°8 

b Gbekor et al.2°° 

© Blount et al.?"° 

á Padma-Nathan et al. (sildenafil).2"! 
© Reffelmann et al. (vardenafil).2'2 

f Brock et al. (tadalafil).'” 
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ED patients treated with any of the PDE5 inhibitors as 
compared to approximately 30% with placebo.'*'’ 
Similarly, the SEP3 is positive in approximately 65-75% 
of treated patients, as compared to 30% with placebo. 
However, when the same agents are used in special pop- 
ulations they do not perform as well as with a mixed 
cohort. In particular, men with diabetes report GAQ and 
SEP3 positively approximately 50-70% of the time if 
treated with a PDE5 inhibitor as compared to 10-30% 
with placebo.'??! Additionally, tadalafil and vardenafil 
have been tried in a post-prostatectomy nerve spare 
situation and demonstrate positive GAQ and SEP3 on 
60% and 40%, as compared to 15-20% and 10-20% 
with placebo.” While efficacy is obviously present, 
these unique populations do not have a response similar 
to the mixed cohort, and it should be discussed when 
initiating therapy. While some literature suggests that 
up to 80% of couples may be successful with the first 
dose,” other reports suggest that it takes approximately 
3-8 attempts to maximize therapy.”? However, despite 
the ease of administration, high efficacy, and easy toler- 
ability, discontinuation rates are still around 45-78% 
after 6-24 months. Reasons for discontinuation are: 
e efficacy below expectations (42%) 
© cost (37%) 
e loss of interest in sex (30.5%) 
e inconvenience in obtaining medication (28.9%) 
e recovery of erectile ability (15%) 
e partner reluctance (14.6%) 
e side effects (11.8%) 
e other non-specified reasons (24%).*° 

Shortly after the widespread use of sildenafil, a few 
cardiovascular deaths were thought to be linked to its 
use, and therefore there was a push to elucidate what if 
any cardiovascular safety concerns there might be with 
its use. All three PDE5 inhibitors were examined in 
large randomized control trials and it was shown that 
there are no differences to be seen in rates of myocardial 
infarcts or cardiac deaths per 100 patient years.*”°? 
Additionally, administering a PDE5 inhibitor to a patient 
with coronary artery disease or hypertension on medi- 
cations had no detrimental effects. However, concomi- 
tant nitrate use is still considered a contraindication to 
PDE5 inhibitor use due to the risk of life-threatening 
hypotension. Should angina occur during sexual activity 
the patient should stop immediately and seek immediate 
emergency care. Additionally, cardiac clearance should 
be sought prior to initiating PDE5 inhibitor therapy on 


patients with aortic stenosis, left ventricular outflow 
obstruction, hypotension, and hypovolemia. Vardenafil 
should not be used in patients on type-1A or 3 anti- 
arrhythmics or those with congenital prolonged QT 
syndromes. 

A concern arose around non-arteritic anterior optic 
neuropathy (NAION) causing blindness after PDE5 
inhibitor use. The review of the product by the US Food 
and Drug Administration (FDA), as well as retrospective 
database analyses, have failed to identify a causal link 
between PDE5 inhibitors and NAION.” However, it is 
still considered a contraindication to administer a PDE5 
inhibitor to anyone with a hereditary degenerative ret- 
inal disorder such as retinitis pigmentosa. There have 
also been some concerns about sudden hearing loss, 
and potential for abnormalities in spermatogenesis; 
however, no causal link has been identified. 

A newer vardenafil formulation (the vardenafil oro- 
dispersible tablet) has been shown to have better bio- 
availability and possibly an enhanced safety profile 
compared with the film-coated vardenafil tablet.*! This 
first and only orodispersible PDE5 inhibitor does not 
require water for administration and appears unaffected 
by high-fat meals, in contrast to its oral counterparts. 
Efficacy has been reported with SEP3 rates of 65-70%.” 
It remains to be seen whether the differences in bio- 
availability have any clinical superiority. 

Since tadalafil has a prolonged half-life it is possible 
for it to be used as a daily medication providing 
enhanced spontaneity to the couple. Currently tadalafil 
is the only PDE5 inhibitor approved for daily admini- 
stration. Large multicenter randomized controlled trials 
have also shown that a daily 5 mg dose is equally effica- 
cious as an on-demand 20 mg dose.**** Interestingly, in 
patients unresponsive to PDE5 inhibitor therapy, plac- 
ing them on daily PDE5 inhibitors may salvage 50% of 
them. The daily use of tadalafil appears to have improved 
tolerability compared to on-demand use.” Tachyphylaxis 
has not been experienced even with chronic use.*4 
Animal models have also suggested that there may be 
additional benefits to chronic PDE5 inhibitor therapy. 
Chronic administration has been shown to induce endo- 
thelial progenitor cells to move into the circulation.” 
These cells may be a piece of the story that explains why 
in rabbits, chronic PDE5 inhibitor use reduces myocar- 
dial infarct size’ and reperfusion injury after an ischemic 
event.” A new PDE5 inhibitor, udenafil, was recently 
reported also to have excellent efficacy, with SEP3 rate 
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of 73%. Udenafil also has a prolonged half-life of 
approximately 13 hours, and appears similarly well tol- 
erated.” Recently, there has been an explosion of newer 
PDE5 inhibitors in the market, such as mirodenafil, ava- 
nafil, and lodenafil.*® While it may be that these second 
generation PDE5 inhibitors will demonstrate advan- 
tages in terms of efficacy or tolerability compared to the 
older PDE5 inhibitors, any differences are modest at best 
and they are far from replacing the original three PDE5 
inhibitors. Currently they are selectively marketed to 
specific countries and their use is similarly restricted. 

With the above mentioned changes as well as the 
ease of administration and tolerability there has been 
some investigation into using PDE5 inhibitors in a 
rehabilitative fashion after radical prostate cancer sur- 
gery.“ Two large studies have attempted to look at this 
prospectively. The first reported that 36 weeks of silde- 
nafil use returned potency to 27% of men in the 
treatment arm as compared to 4% in the placebo arm.*! 
This study did receive some criticism due to the excep- 
tionally low erectile recovery in the placebo arm. 
However, a follow-up study using vardenafil did not 
demonstrate any difference between the groups.” 
While penile rehabilitation remains an active area of 
research, it appears as though PDE5 inhibitors will only 
play a minor role. 

Ultimately a proportion of the male population will 
not respond to PDE5 inhibitor therapy. The first distinc- 
tion one must make is if the patient is in fact a true 
non-responder, or if they are not responding due to mis- 
information around how to best use the medication. 
Reviewing pertinent information surrounding how to 
take the medication may identify this population and 
educate them as well.’ For example, a patient may be 
non-responsive because they are not allowing sufficient 
time for the medication to work, or consistently have a 
large fat-dense meal before the use of sildenafil. Should 
this still not improve their outcome, and they have 
failed four times on maximal therapy, they are then 
considered non-responders.** True non-responders typ- 
ically have much more severe disease, and may require 
intracavernosal injection therapy or a prosthetic. The 
International Society of Sexual Medicine standards 
committee released a document reviewing the standard 
operating procedures surrounding conservative manage- 
ment of erectile dysfunction, and there is a stepwise 
approach to managing non-responders, which is 
summarized in Table 19.3. 


Table 19.3 Management of phosphodiesterase-5 (PDE5) 
inhibitor non-responders. 


Re-counsel and re-educate the patient/couple about appropriate 
PDE5 inhibitor use and the relevant pharmacokinetics?! 
Optimize concomitant disease states?'4 

Treat concomitant hypogonadism 

“High-dose” (overdosing) PDE5 inhibitor therapy? 

Shift patients to another PDES inhibitor?” 

Daily dosing of PDE5 inhibitors?'® 


Au AUN 


Alpha-adrenoreceptor antagonists 

Adrenergic tone has a profound anti-erectile effect, a 
fact that has been exploited with great results in the 
management algorithim for priapism.** Elevated adren- 
ergic tone is implicated as an etiology of certain disease 
states such as essential hypertension, and may be a 
consequence of disease such as generalized or situation 
anxiety disorders. If follows that a proportion of psycho- 
genic ED may in fact be attributable to situational stress 
or anxiety with elevated adrenergic tone as the mecha- 
nism. Interestingly even a single stressful event has 
been shown in animal models to alter the spinal cord 
erectile reflexes.” Therefore adrenoreceptor antagonists 
would be a logical agent to exploit in order to maximize 
erectile capacity. One such pharmaceutical is phentol- 
amine mesylate, a non-specific alpha-adrenergic agonist 
that has the unique distinction of being effective both as 
an oral agent* and an injectable agent.’ Two oral forms 
have been studied, a traditional pill form** and a buccal 
application.” Both seem equally efficacious with 
potency returned in approximately 40% of men with 
mild ED.*’“8 Side effects are minimal with less than 10% 
of patients experiencing nasal congestion, facial flush- 
ing, and headaches. The mechanism of action is thought 
to work via a sympatholytic effect antagonizing alpha-1 
and alpha-2 receptors equally, causing a decrease in 
adrenergic tone, corporal smooth muscle relaxation, 
and inhibition of noradrenaline (norepinephrine) 
release.” 

Yohimbine, a plant indole alkylamine alkaloid with 
alpha-2 antagonistic properties,*° had been prescribed 
for nearly a century for the management of erectile 
dysfunction.” Its use fell out of favor with the introduc- 
tion of PDE5 inhibitors.’ Historically it was typically 
prescribed at a dose of 5-10 mg daily while observing 
for improvements over the ensuing month. Yohimbine 
is generally well tolerated with minimal side effects such 
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as hypertension, anxiety, headaches, and tachycardia. 
While it appeared to have a role in non-organic ED, 
demonstrating efficacy in up to 70%,” this was not seen 
in men with organic ED.’ As a result, the role for 
yohimbine in practice today would be limited to historic 
interest, and in the treatment of non-organic ED. 


Dopaminergic agonists 

The paraventricular nucleus (PVN) had been identified 
in rats as an important center for the generation of 
erectile activity through the use of dopamine agonists 
selectively administered into the PVN.™ This stimulated 
excitement in the sexual medicine community as the 
potential use of dopaminergic agonists in the treatment 
of psychogenic ED was evident. Apomorphine SL was 
subsequently developed for sublingual use and had a 
period of use in Europe. Oral ingested formulations 
were found to become inactivated.” Side effects 
included nausea, somnolence, yawning, sweating, and 
emesis. Apomorphine SL had demonstrated efficacy in 
the treatment of ED, with a responder rate of approxi- 
mately 67%,” and interestingly with regular sequential 
use the number of responders would increase to approx- 
imately 75%.° However, after the introduction of PDE5 
inhibitors, which had superior efficacy, apomorphine SL 
was voluntarily withdrawn from the market in Europe. 
It was never approved for use in North America.’ 


Melanocortin receptor agonists 

Stimulation of melanocortin (MC) receptors within the 
central nervous system using melanotropic ligands has 
been shown to initiate and facilitate penile erection. 
Agonists likely act downstream of dopamine and oxy- 
tocin in hypothalamic centers. Five subtypes of MC 
receptors exist (MCI1R-MC5R), of which MCA4R is 
thought to be the most important mediator of MC- 
induced erection.” Subcutaneously administered mela- 
notan II, a synthetic analog of alpha-melanocyte 
stimulating hormone (a-MSH), was shown to have pro- 
erectile effects in men with psychogenic impotence.”* 
Diamond et al. reported on the synergistic actions of 
sildenafil and PT-141 (a MC receptor agonist) versus 
sildenafil alone.*? Bremelanotide, a MC3-4R-specific 
synthetic peptide analog of a-MSH, has demonstrated 
efficacy in diabetic men. However, this success comes 
with the cost of significant adverse events such as 
nausea and increases in blood pressure, as well as dose- 
dependent discontinuation rates (4% in the placebo 


group up to 49% in the bremelanotide 15 mg group).®° 
Interestingly, Bremelanotide has been shown to be able 
to salvage some PDE5 inhibitor failures.‘ While these 
adrenocorticotropic hormones and melanocortin activators 
appear promising, their side effect profile is limiting and 
may preclude development and commercialization of 
this class of drug for the treatment of ED. 


Serotonin receptor effectors 

Trazodone is a serotonin antagonist and reuptake inhib- 
itor (SARI), most famous in urology for inducing partic- 
ularly treatment-resistant priapisms as a rare but 
important adverse event.” Not long after this observa- 
tion attempts were made to identify whether it might be 
useful in the treatment of ED.**® Interestingly, it was 
also combined with yohimbine in a prospective 
randomized controlled trial with good effect to treat 
psychogenic ED. While initially it was postulated that 
the pro-erectile activity from trazodone use leading to 
priapistic episodes was serotoninergic, further research 
has suggested that the mechanism is more in keeping 
with anti-adrenergic effects.°’ Even with a better under- 
standing of the pathophysiology of trazodone-induced 
priapism, it still performed quite poorly as an erecto- 
genic aid, and its future use for the treatment of ED is 
quite limited as other anti-adrenergics outperform it, 
and newer agents were more efficacious.’ 


Others 

Other therapies with plausible mechanisms of action 
have been put forward including limaprost (prosta- 
glandin E,), naltrexone (opioid antagonist), L-dopa 
(dopamine agonist), and L-arginine (NO precursor). 
However, the efficacy of these therapies in single-center 
trials has not proven to be equivalent or superior to 
current standard therapies and therefore further study 
has not been ventured. L-Arginine does get some specific 
attention as there is the most literature behind it. 
A single-center trial of impotent men demonstrated that 
after 6 weeks of supplementation approximately 31% of 
men were able to participate in sexual intercourse as 
compared to 12% of placebo.”” Another randomized 
double-blind trial of 124 patients showed an increase of 
nearly 10 points on the IIEF-EF after 3 months of 
supplementation, and 12 points after 6 months.”! Given 
that the improvements seen by most PDE5 inhibitors 
ranged from 8 to 10,’ there is a possibility of future 
interest in this product. An interesting concept that is 
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yet to be demonstrated is whether or not L-arginine 
has any rehabilitative properties with chronic use.’ 
Most recently a randomized, double-blind, placebo- 
controlled crossover study of approximately 30 partici- 
pants demonstrated that a combination of L-arginine 
with adenosine monophosphate improved three of the 
domains on the IEF, and improved scores on the EDITS 
questionnaires as well.’”? However, until large multi- 
center randomized trials can be performed to reproduce 
those results L-arginine will remain an interesting curiosity 
instead of a mainstay of therapy. 


Intracavernosal injection therapy 


Intracavernosal injection (ICI) therapy was first reported 
by Virag”? and Brindley” in the early 1980s. This her- 
alded a surge of interest in the conservative and medical 
management of ED. A wide spectrum of different agents 
have been injected into the corpora cavernosa of many 
patients in an effort to maximize efficacy and minimize 
adverse events. These include but are not limited to: 
prostaglandin E, (PGE,, synonymous with alprostadil),” 
papaverine,” phentolamine,” phenoxybenzamine,” 
atropine,” nitroprusside,” vasoactive intestinal peptide 
(VIP),” and chlorpromazine.® The agents in popular 
use today include PGE,, papaverine, phentolamine, and 
combinations thereof. Many of these therapies started 
as diagnostic tools to aid in the evaluation of erections for 
Doppler/duplex interrogation of the vascular system. 
Contraindications to the use of ICI therapy include men 
with psychological instability, history or risk for priapism, 
history of severe coagulopathy or unstable cardiovascular 
disease, reduced manual dexterity (where the partner 
cannot perform the procedure), and monoamine oxidase 
inhibitor use (as alpha-adrenergics are used in priapistic 
episodes and may precipitate a hypertensive crisis) .*! 

l Papaverine/phentolamine (Bi-Mix). Shortly after the 
introduction of papaverine monotherapy complica- 
tions of corporal fibrosis,*’ injection site fibrosis caus- 
ing curvature,*’ and subcutaneous nodules of fibrosis** 
were being reported. Papaverine is also highly metab- 
olized in the liver and can cause hepatotoxicity. Doses 
greater than 4.5 mg per injection should be avoided 
to prevent hepatotoxicity. With the intent of 
reducing some of these effects, papaverine was paired 
with phentolamine such that the agents could act 
synergistically at lower doses to provide robust 


responses. There is also demonstrated superiority of 
combination therapy over papaverine monotherapy* 
and over placebo.” Full erections have been reported 
to be 50-70%, 30-50%, and 10% respectively. 
Etiology of the erectile dysfunction seems to predict 
success with 100% efficacy in purely neurogenic 
impotence, 65.7% in vasculogenic, 64.7% in neuro- 
genic/vasculogenic, and 90% in the undetermined 
group. Although early data suggested there was 
some technical difficulty in teaching the injection skill 
in approximately 40% of patients,*? more recent 
series have reported lower rates of difficulty and 
technique-related adverse events,” possibly related to 
improvements in education and dedicated ICI 
teaching clinics/teams. Selected studies are integrated 
with other intracavernosal agents in Table 19.4. 

Prostaglandin E, (PGE,, synonymous with alprostadil, 
Caverject, Viridal, and Edex). Waldhauser and 
Schramek”! were first to describe ICI PGE, of 92% suc- 
cess in a small crossover cohort study, as compared to 
50% with papaverine/phentolamine. When com- 
pared to papaverine monotherapy in another study 
the efficacy rates were similar to each other;”? how- 
ever, it should be noted that the dosage of PGE, used 
was half of that used in the study by Waldhauser and 
Schramek. Most of the literature published since then 
tends to agree with efficacy rates of PGE, monother- 
apy similar to those of papaverine monotherapy or 
papaverine/phentolamine therapy, of approximately 
50-70%. Kattan et al.” indicated that PGE, may 
have a more favorable response than papaverine in 
those patients with vasculogenic impotence (46% vs 
14%). Additionally, those who do not respond to a 
“test-dose” of PGE, were found to have a higher 
association of hypogonadism-related symptoms and a 
higher likelihood of major adverse cardiac events.” 
Two large multicenter prospective trials investigating 
PGE, efficacy and safety have demonstrated efficacy of 
93-94% with protocoled injections, and also shown 
that the adverse effects identified decline early with 
time and experience of the patient.”°* The large 
randomized trials utilized an independent assessor to 
evaluate success as compared to patient-reported 
success, and this may account for some of the discrep- 
ancy in efficacy values. Return of spontaneous erec- 
tions with PGE, therapy has been reported,” and is an 
interesting concept that will require further investiga- 
tion in order to exploit to the benefit of patients. 
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Table 19.4 Adverse events and efficacy reporting. 
Trial n % Fibrosis % Hematoma % Fibrosis resolved Agents used Efficacy 
Levine et al. (1989)*4 111 57% 27-49% NR Pap+Phe NR 
Lakin et al. (1990)?'7 100 31+8.6% 20.9% NR Pap, Pap-+Phe NR 
Pery et al. (1990)?'® 120 5% NR NR Pap NR 
Virag et al. (1991)?'9 615 14 39 78% Pap, Pap-+Phe, ceritine NR 
Gall (1992)? 172 11% 38.3% 31% Pap+Phe 95.8% 
Armstrong et al. (1993)?2" 100 3.1% 7.5% 20% Pap+Phe 72% 
Kapoor et al. (1993)?22 101 2% 3% NR Pap NR 
Hirsch et al. (1995)?23 80 16.5% NR NR PGE, NR 
Linet & Ogrinc (1996)’> 683 3.18% NR NR PGE, 87% 
Chew et al. (1997) 245 23% 6% NR PGE, NR 
Casabe et al. (1998)!7° 189 5% 20% 50% Trimix 84.4% 
EASG (1998)?25 848 4% 9% NR PGE, 88% 
Moemen e tal. (2004)'"4 168 15% Pap 25% Pap NR Pap, PGE,, trimix NR 
0% PGE, 25% PGE, 
1.8% trimix 20.7% trimix 

NR, not reported; Pap, papaverine; Phe, phentolamine; PGE,, prostaglandin E.. 
Table 19.5 Common drug therapies for erectile dysfunction. 
Class Agent Dose range Route Comment 
Phosphodiesterase inhibitors Sildenafil 25-100 mg p.o. ot after fatty meal, blue vision, short half-life 

Vardenafil 5-20 mg p.o./s.l ot after fatty meal, interacts with antiarrhythmics 

Tadalafil 5-20 mg p.o. Long half-life, available in daily dosing 
Intracavernosal agents Papaverine (P) 30 mg Ka ay be associated with fibrosis, acidic 

Phentolamine (Ph) 1mg Le: jot as monotherapy 

Prostaglandin E, (PGE,) 5-40 ug i.C. ay inhibit fibrosis, penile pain 

Bimix (P+Ph) 30/1 LE: 

Trimix (P+Ph+PGE,) 30/1/10 be: ost commonly prescribed 

30/2/20 

Intraurethral agents USE 500-1000 ug i.u. Penile pain, dysuria, urethral bleeding 
Topical agents PGE, 100-300 ug Topically to glans Balanitis, penile pain, skin reactions 


i.c., intracavernosally; i.u., intraurethrally; p.o., per os (by mouth); s.l., sublingually. 


3 PGE, + papaverine + phentolamine (synonymous with 


Trimix). The combination of three agents into a single 
use was first proposed by Goldstein et al.!° as a means 
of salvaging papaverine/phentolamine failures. 
Several series have subsequently been published on 
the efficacy and tolerability of trimix.” The gen- 
eral consensus of these studies is that trimix appears 
to be a more robust agent compared to previous 
agents; however, this is offset by the potential for a 
higher incidence of priapism. Efficacy rates are 


reported from 50% to 90% depending on the series, 
the dosages of each particular formulation, and 
the patient population investigated. A major disad- 
vantage to trimix therapy is that there is no standard- 
ized formulation and individual institutions have 
different concentrations of the three components 
making inter-study comparisons difficult if not 
impossible.10%10°.1% 

Vasoactive intestinal peptide + phentolamine. Vasoactive 


intestinal peptide combined with phentolamine was 
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another combination achieving some success and 
enthusiasm in the pre-PDE5 inhibitor era. Despite 
trials demonstrating similar efficacy to PGE1 mono- 
therapy, patients’ perception of a more natural erec- 
tion, and a convenient autoinjecting device, it was 
never marketed globally.”!”” It is still available in 
some countries, although it no longer comes with the 
convenient autoinjector due to cost concerns. 

Forskolin has also been used intracavernosally in 

select patients refractory to trimix therapy.’ 

5 Sodium nitroprusside. Sodium nitroprusside is an agent 
that had some initial investigation but was aban- 
doned after the investigators encountered severe 
hypotension and limited effect in the first few 
patients.’ This was followed by some concerns that 
use of sodium nitroprusside was toxic to the corpora 
and possibly associated with increased rates of penile 
fibrosis and arteriogenic impotence. This was sup- 
ported by some of the basic science research that 
demonstrated animal models having a significant 
inflammatory reaction after nitroprusside use as well 
as periarterial inflammation.” However, it has 
attracted renewed interest in some centers as new 
series are reporting its efficacy, which is typically sim- 
ilar to phentolamine/papaverine therapy.” It 
remains to be seen if the incidence of fibrosis or wors- 
ening erectile function requiring more aggressive 
therapies will be observed. 

Use of a no-needle injector was proposed for 
administration of intracavernosal therapy. A proof of 
concept was performed in an animal model demon- 
strating penetration of the sinusoids with India ink, and 
this was followed by the use of vasoactive agents, which 
worked in animal models.'!? However, when this was 
used in clinical human studies, men almost uniformly 
preferred injection therapy as it was more consistent in 
its ability to deliver a robust erection, and was more 
comfortable than the no-needle jet injector.'!’ 

Adverse reactions associated with ICI therapy have 
been reported and more common events include 
hematoma, priapism, penile pain, and penile fibrosis. 
The definition of penile fibrosis is nebulous and is a 
clinical diagnosis of subcutaneous nodules, Peyronie- 
like plaques in the tunica causing curvature, and 
corporal fibrosis leading to treatment-refractory ED. 
As a result rates of penile fibrosis are widely reported 
from 2% to 50% and are summarized in Table 19.4. 


A complicating matter is that hematoma formation is 
often considered to be an event related to poor tech- 
nique, and it is difficult to parse out what portion of 
fibrosis is technique related, and what is drug related. 
However, there have been case reports of treatment- 
refractory corporal fibrosis from ICI therapy.” 
Particular attention should be paid to the trial by 
Moemen et al.,''* which had three arms comparing 
PGE,, papaverine, and trimix. It was reported that the 
highest incidence of fibrosis occurred in the papaverine 
monotherapy arm, a small portion in the trimix arm, 
and none in the PGE, arm. There is basic scientific evi- 
dence to support the antifibrotic properties of PGE,.'” 
PDE5 inhibitors may also have antifibrotic effects and 
have been demonstrated to cause plaque resorption in 
clinical studies.'!® To complicate issues further, approx- 
imately half of those deemed to have some element of 
fibrosis resolve spontaneously. This is difficult to rec- 
oncile as fibrosis is ultimately a histopathological diag- 
nosis, and typically an end point of inflammation that 
should not be easily reversible. The basic science lit- 
erature is quite compelling, however, in that rat and 
primate models''°!!” demonstrate that papaverine- 
containing therapy not only seems to cause infla- 
mmatory reactions at the site of injection, but also 
some fibrosis proximal and distal to the injection site as 
well. One theory for this is that papaverine requires a 
fairly acidic environment in order to be stable (pH 3.5), 
and the acidity on the sinusoids may cause a chemical 
burn-like reaction leading to fibrosis. An interesting 
clinical study was performed in humans where trimix 
(pH 4.17) was injected with and without a sodium 
bicarbonate buffer that brought the solution to pH 
7.05. Penile pain was reduced dramatically (5% vs 
58% pain), which served as a proof of concept.'!® 

ICI therapy is uniquely suited for rehabilitation of 
erection after radical pelvic surgery as there is no reli- 
ance on the neurovascular bundle to facilitate erection. 
Montorsi et al. were the first to report on the recovery 
of spontaneous erections with regular PGE, therapy.'” 
While many rehabilitative protocols have been sug- 
gested, they have all attained varying success.“ 
Among the challenges of ICI therapy, particularly in the 
rehabilitative setting, are the high dropout rates associ- 
ated with it. More than half of men stop ICI within 
the first year. Interestingly, fibrosis is not typically the 
main reason listed by most studies, but can be as high 
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as 5%.'*° The most common reasons include: inade- 
quate response; loss of interest of partner or loss of 
partner; recovery of erections; cost; lack of spontaneity; 
and deterioration in health.'% 12°13 


Intraurethral therapy 


In the pre-PDE5 inhibitor era the urethral application 
of PGE, attempted to fill the need for an intermediary 
step before intracavernosal injection therapy. A system 
was developed to allow men to apply a pellet of PGE, 
to a moistened urethral immediately after emptying 
their bladder. This was termed the Medicated Urethral 
System for Erection, or MUSEO. An initial randomized 
study looked both at efficacy and dose finding (n = 68) 
and demonstrated that approximately 75% of men 
achieved full enlargement, 49.2% felt the erection was 
sufficient for intercourse, and 63.6% reported success- 
ful intercourse. However, the principal adverse reac- 
tion was penile pain, which occurred 9.1-18.3% of the 
time depending on dose.'**. A much larger study fol- 
lowed this, with 996 men who were proven responders 
to MUSE in the clinic randomized to four dosing 
strengths and placebo. This similarly demonstrated a 
rate of 64.9% successful intercourse vs 18.6% in the 
placebo arm. Again the most common side effect was 
penile pain, with 10.8% of PGE, administrations in 
32.7% of men receiving PGE,. Other adverse effects 
reported include minor urethral trauma (5%) and diz- 
ziness (1.9%). The next logical step was to compare 
intracavernous PGE, to MUSE, and this was done in 
two studies demonstrating 70-92% vs 43-61.8% 
response rates.!??7° The incidence of penile pain was 
reported to be 10-20% in the intracavernosal group 
versus 25-30% in the MUSE group. Additionally, 
when asked which modality the men would like to 
continue with, the majority selected intracavernosal 
injection therapy. Interestingly, there have been 
reports indicating that of men who found ICI therapy 
ineffective, approximately 58% may be able to achieve 
an erection with MUSE therapy, and 47% of the 
responsive patients report successful intercourse in the 
home phase.!?” Unfortunately follow-up studies could 
not reproduce the results reported by the index trial 
and reported efficacy data of only 30%.'*8 One possible 
explanation for this might be that there have been 


reported inconsistencies with the response of MUSE in 
the home phase after a confirmed response in office, 
and of those who do respond only 31% are continuing 
to use MUSE at 9 month.'”’ Although a niche area, one 
area where MUSE has had some success is in 
combination with penile implants to cause glans 
tumescence.'*° This use may allow increased satisfac- 
tion for some men disappointed with the lack of glans 
tumescence and girth associated with an implant. 

A problem arose for MUSE when the PDE5 inhibi- 
tors became established as they were very efficacious, 
with a much more tolerable side effect profile, and did 
not require instrumentation of the penis or urethra in 
order to facilitate erection. As enthusiasm built around 
the concept of PDE5 inhibitor use and penile rehabili- 
tation after radical prostate surgery, some investiga- 
tors looked to revive MUSE as a means of rehabilitation 
itself. It is uniquely suited as it does not depend on an 
intact neurovascular bundle to facilitate erections, and 
the goal was not necessarily a completely rigid 
response but any penile engorgement and erection. Its 
safety was reported with efficacies of 70% in clinic 
and 57% in the transition to the home phase with a 
rehabilitation protocol.'?? MUSE has 
reported to increase satisfaction and salvage sildenafil 


also been 


non-responders in a postoperative nerve-sparing rad- 
ical prostatectomy scenario, allowing for 80% of cou- 
sufficient for 


ples to have erections 


penetration.’” A study looking at three times a week 


vaginal 


low-dose MUSE therapy for 9 months post-prostatec- 
tomy found that approximately 55% of men on MUSE 
therapy had recovery of spontaneous erections 
sufficient for intercourse, as compared to 11% in the 
untreated group.'” Finally, in an elegant study by 
McCullough et al.,’** previously potent men post- 
prostatectomy were randomized to nightly sildenafil 
or MUSE therapy for 9 months, and then proceeded to 
have a 1-month washout period. The patients were 
then re-challenged with sildenafil 100 mg and it was 
demonstrated that there were no differences in IEF- 
EF scores, intercourse success, or GAQ. There was a 
significantly better GAQ at 6 months, but this had 
returned to the same as the sildenafil group after the 
washout period. 

In conclusion, MUSE did not have the efficacy or tol- 
erability to do well as a monotherapy after the introduc- 
tion of PDE5 inhibitors. There may be a role for MUSE 
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Table 19.6 Contraindications to erectile dysfunction medications. 


Phosphodiesterase Inhibitors Ħ Severe hepatic impairment 


© Dialysis-dependent renal disease 
e Hereditary degenerative retinal disorders (e.g., retinitis pigmentosa) 


e Allergy 


Requiring cardiologic clearance: 
e Ventricular outflow obstruction 


e Severely impaired autonomic control of blood pressure 


Myocardial infarct, stroke, or life-threatening arrhythmia within previous 6 months 
NYHA class Il or greater heart failure 
CAD causing unstable angina 


e Resting hypertension (>170/100 mmHg) or hypotension (<90/50 mmHg) 


Intracavernosal agents e Allergy 


e Psychological instability 
History or risk for priapism 


e History of severe coagulopathy 

e Unstable cardiovascular disease 

e Reduced manual dexterity (partner may perform) 
e Monoamine oxidase inhibitor use 


Intraurethral agents e Partner with viable gestation 
e Inaccessible or absent urethra (e.g., phimosis, surgery) 
e Allergy or sensitivity to product 
e Monoamine oxidase inhibitor use 


e Reduced manual dexterity (partner may perform) 
e Unstable cardiovascular disease 


e History of priapism 
Topical agents e Allergy or sensitivity 


e Partner with viable gestation (if PGE,-containing product) 
e Unstable cardiovascular disease 


History of priapism 


in specific niche areas, or in the context of penile reha- 
bilitation after prostate cancer surgery. Despite the effi- 
cacy and tolerability issues associated with MUSE, it is 
still a useful tool to have in the armamentarium of the 
urologist attempting to maximize erectile capacity and 
sexual satisfaction. 


Topical therapies 


Not all men with erectile dysfunction refractory to med- 
ical management have the desire and/or dexterity to 
manipulate needles for injection therapy, nor are able to 
manipulate a device into their urethra for application of 
a suppository. This of course is even more challenging 
when it is being attempted within the contexts of a 
sexual encounter. As a result, there is always an interest 


Monoamine oxidase inhibitor use 


in developing topical therapies for erectile dysfunction 
that could be applied easily, or as part of the sexual act 
by the partner. The obvious challenges include applica- 
tion of an agent that has minimal skin reaction, with the 
ability to traverse the skin, dartos fascia, Buck’s fascia, 
and the tunica albuginea in order to reach the site of 
action. As there have been some described communica- 
tions between the corpus cavernosum and the corpus 
spongiosum,” there have also been attempts to exploit 
this as there are less inactive tissues that the agent must 
traverse. Several agents have been tried for this including 
(but not limited to) prostaglandin E,, nitroglycerin, and 
papaverine.'*° 

Topical papaverine for ED was described by Kim et al. 
in 1995 in a double-blind, crossover, placebo-controlled 
small study, in which a 20% papaverine gel was applied 
to penile shaft skin and scrotum. It appeared to be well 
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tolerated and documented increases in cavernosal 
arterial diameter were observed; however, efficacy was 
limiting as 3/14 patients had clinical erections in both 
the treatment and placebo phase." Little was published 
on the topic until recently when it was described that 
the addition of caproic acid, ethanol, and water in a 
percentage volume ratio of 50:30:20 can enhance 
papaverine penetration in a rabbit model.” It remains 
to be seen if this will allow topical papaverine to enter 
the market as a feasible erectogenic aid. 

Nitroglycerin (NTG) for topical treatment of erectile 
dysfunction was first described in 1989 in one small 
study,” which used the simple application of a tradi- 
tional NTG patch to the penile shaft versus placebo. This 
was met with some enthusiasm and several trials were 
developed in response to this. A NTG paste was devel- 
oped that restored potency in 4/10 men, but it gave rise 
to a common complaint of headaches and fell out of 
favor.’ Borges had proposed a minor procedure 
whereby a portion of Buck’s fascia was excised and 
replaced with a vein graft. This was marked with India 
ink and then after healing, the area was used as a site for 
topical NTG application. Of the six patients on whom 
this was attempted, all of which were dependent on ICI, 
two continued with topical treatment exclusively, three 
alternated between injections and topical, and one 
preferred injection therapy.'*° However, with a demon- 
strated side effect of significant headaches in 20%"! and 
inferiority to both intracavernosal agents'*! and other 
topical agents,'** this quickly fell out of favor as a 
treatment modality. Minoxidil, a nitrate agonist com- 
monly prescribed for hair loss, also demonstrated some 
pro-erectile capacity and was found to be superior to 
NTG.'” However, the efficacy did not approach that of 
intracavernosal injections or vacuum erection devices, '” 
and little research has subsequently been reported. 
Other agents such as co-dergocrine mesylate, amino- 
phylline, and isosorbide dinitrate have been reported to 
have success;'** however, the results have not been 
replicated despite attempts to do so.'” 

Prostaglandin E, has renewed enthusiasm in the area 
of topical treatment of ED. Kim et al. reported that top- 
ical application of PGE, in a small group of men with ED 
secondary to spinal cord injuries or arterial insufficiency 
(9 and 1 respectively) demonstrated increases in caver- 
nosal arterial diameter in all patients, and peak systolic 
flow velocities in 7/10 patients. Clinical erections were 
observed in 2/10 patients but not in the placebo 


application.'*° Goldstein et al. then reported on the use 
of a 1% PGE, cream formulated with an absorption- 
enhancing agent (Topiglan©) on 60 patients in a 
randomized, double-blind fashion in combination with 
visual and tactile stimuli.” They reported greater 
maximum rigidity in the treatment group, and a higher 
rate of self-perceived adequate rigidity for vaginal pene- 
tration (38.9% vs 6.9%). Penile erythema and a mild 
burning or cooling sensation were the reported side 
effects. Finally, Padma-Nathan et al. reported phase II'** 
and phase III’ data on topical PGE, (Alprox-TD©) 
cream use and integrated the results at the time of 
reporting. They reported on 1732 patients randomized 
to receive placebo (n = 434), or topical PGE, cream at 
100 (n = 434), 200 (n = 430), or 300 (n = 434) micro- 
gram doses. The reported changes from baseline using 
the IT[EF-EF were <minus>0.7, 1.6, 2.5, and 2.4 respec- 
tively. SEP3 rates were 30.3%, 38.9%, 41.9%, and 
38.5% respectively, and demonstrated statistical signifi- 
cance. Main adverse reactions reported included balani- 
tis (5%), penile pain (17.5%), penile burning (23%), 
penile erythema (11%), and partner-reported vaginal 
burning (4%). These results were confirmed by Rooney 
et al., with a SEP3 rate of approximately 61.1% and 
an IIEF-EF change from baseline of approximately 
10 points. 

With their limited efficacy, topical treatments are yet 
to find a niche in which to be incorporated into 
treatment algorithms as a monotherapy. Until a topical 
agent is efficacious enough to be a viable and reliable 
alternative to intracavernosal injection therapy, it is 
unlikely to be successful as a monotherapy. However, 
there may yet be roles in combination therapies to aug- 
ment other conservative measures, or as an easy method 
of performing penile rehabilitative therapy, roles that 
are yet to be fully explored. 


Future therapies for 
erectile dysfunction 


RhoA/Rho-kinase 

Several studies have highlighted the important roles for 
GTPase RhoA and its effector, Rho-associated kinase 
(Rho-kinase), in calcium-independent regulation of 
smooth muscle contraction.’*! Chitaley et al." reported 
that Rho-kinase antagonism stimulated rat penile erec- 
tion independently of nitric oxide (NO) and showed 
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potential as an alternative therapeutic option to treat 
ED. Recently published literature has suggested that ele- 
vated RhoA/Rho-kinase activity contributes to the path- 
ogenesis of ED in conditions such as diabetes, aging, and 
hypogonadism.'* Vignozzi et al.’** found that overex- 
pression of RhoA/Rho-kinase signaling contributed to 
diabetes-related ED, and treating hypogonadism associ- 
ated diabetes could improve the erectile function by 
normalizing the RhoA/Rho-kinase pathway upregula- 
tion. Several RhoA/Rho-kinase inhibitors have been 
tested in various animal models and have shown prom- 
ising outcomes. Chronic treatment with fasudil, an oral 
RhoA/Rho-kinase inhibitor, prevents the development 
of both vasculogenic ED and pelvic atherosclerosis!” as 
well as prevention of apoptosis of the corpora associated 
with diabetes.’*°. Rho-kinase inhibitor Y27632 appeared 
to generate effective human corpus cavernosum smooth 
muscle relaxation when given together with doxazosin 
in the presence of bladder outlet obstruction.’ 


Soluble guanylase cyclase (sGC) activators 
Since the successful manipulation of the PDE pathway, 
other mechanisms have been sought to augment NO- 
mediated smooth muscle relaxation, and/or salvage 
PDE inhibitor failures. While there has been some new 
and novel research in the urological literature on gua- 
nylate cyclase activation/stimulation, there has been a 
large volume of research in the internal medicine litera- 
ture. The terms stimulation and activation refer to the 
ability of the target pharmaceutical to activate the sGC 
enzyme in a heme-dependent or -independent manner 
respectively.’ The sGC enzyme is a heterodimeric com- 
plex that consists of two subunits, « and B, and each one 
contains three common domains: 

1 The N-terminal heme-binding domain that mediates 
the NO sensitivity of the enzyme. 

2 A dimerization domain, which is found in the middle 
of the structure of each subunit and is required for 
basal or NO-stimulated sGC activity. 

3 The C-terminal catalytic domain, which is the most 
highly conserved region between the subunits and is 
responsible for the conversion of GTP to the second 
messenger, cGMP.” 

The reduced heme-dependent sGC is the native form 
and responsive to NO stimulation. However, there is 
evidence to suggest in animal and human studies'®° 
that periods of oxidative stress including congestive 
heart failure, diabetes, and hypertension, can produce 


reactive oxygen species that will push the equilibrium 
towards more of the sGC being oxidized and relatively 
insensitive to NO, so there is only basal activity for pro- 
duction of cGMP.'*! This may be a contributing reason 
for PDE5 inhibitor responsiveness and resistance in 
current clinical practice. 

Stimulators of sGC include many different investiga- 
tional compounds, including A-778935, A-344905, 
A-350619, CFM-1571, and YC-1.'8 YC-1 in particular 
has gained some attention in the erectile dysfunction 
literature.'*? Unfortunately its usefulness is limited by 
having an element of PDE5 inhibition’” and side effect 
and toxicity concerns prior to clinical trials.**'°? Other 
stimulators have been shown to have increased potency 
over YC-1, including BAY 41-2272 and BAY 41-8543, 
with minimal or no PDE5 inhibition and 20-92x 
potency over YC-1, but these are still dependent on the 
reduced heme component of sGC.'*8 An oral stimulator, 
BAY 63-2521 (Riociguat), is currently in human clinical 
trials for hypertension; it has no significant PDE5 inhibi- 
tion in concentrations used for human use and may be 
an interesting augmenter to existing PDE5 inhibitor 
therapy. However, phase III trials are ongoing for its effi- 
cacy in treating pulmonary hypertension,’ and erectile 
function data have yet to be reported from previous 
clinical studies. Where we do have some data in the 
sexual medicine literature on sGC stimulators is from a 
recent annual meeting where some data were published 
on the use of BAY 60-4552 salvaging PDE5 inhibitor 
failures by demonstrating a synergistic response with 
vardenafil in a cavernosal nerve crush model.'®” 

With the understanding that the heme-free oxidized 
sGC may in fact be the pathological form of sGC, and 
may be partially responsible for NO insensitivity in some 
patients, the ability to activate sGC in the oxidized form 
would be a very important and valuable asset in the 
medical treatment of ED. Interestingly, activators seem 
to be more potent on oxidized or heme-free sGC than 
on native reduced sGC.'° The first activator identified, 
which also led to the discovery of oxidized sGC, was 
BAY 58-2667 (Cinaciguat). This gives a method of 
increasing cGMP in conditions of oxidative stress, and 
potentially another method of medically treating ED. 
Cinaciguat is currently in trials looking at potential ther- 
apeutics for acute decompensated heart failure.'®” Other 
activators in the literature include AMR 1766 (Ataciguat) 
and BAY 60-2770, but these do not have ED-related 
outcomes published in the literature. 
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Hydrogen sulfide (H,S) 
There is growing evidence that endogenous H,S can act 
as a regulatory mediator similar to NO, and may have an 
important role in erectile function and dysfunction.'® 
The importance of H,S was first demonstrated by 
Srilatha et al.'® in a rat model demonstrating increases 
in penile pressure similar to the prostaglandin E, used as 
the control. Interestingly, when an adenylyl cyclase 
inhibitor (MDL 12,330A) was used after administration 
of H,S in a rabbit model of pre-contracted cavernous 
smooth muscle, the inhibition was incomplete suggest- 
ing that H,S relaxation is only partially dependent on 
the cAMP pathway.'” The exact mechanism for the pro- 
erectile effects of H,S is still unclear; however, current 
theories include: 

1 H,S as a K-ATP channel opener causing vasorelax- 
ation via hyperpolarization.'7"'”7 

2 HS as a modulator/inhibitor of the RhoA/Rho-kinase 
pathway.” 

3 HS as an inhibitor of superoxide formation, ™* which 
may either increase PDE5 expression and conse- 
quently decrease the concentration of cGMP,!” or 
consume NO in the formation of reactive nitrogen 
species.!7° 

4 HS as a mediator of testosterone-induced relaxation.” 

5 H,S cross-talk with NO.'7°'7 
The H,S pathway certainly has opened up several 

new potential targets for upcoming oral therapies that 

are still not near clinical trials, but may become new 
targets or augments to existing therapies in the future. 


Smooth muscle inhibitors 

Many successful therapies for ED have focused on 
manipulation of intracellular calcium via the NO 
pathway by inhibiting cGMP breakdown, augmenting 
NO production, or altering smooth muscle tone via the 
RhoA/Rho-kinase pathway, as previously discussed. 
However, there is now some evidence of the capability 
to manipulate the contractile elements more directly via 
myosin II inhibition in order to induce smooth muscle 
relaxation and promote erection.’ Blebbistatin, a 
myosin II inhibitor, does not compete with nucleotide 
binding to the skeletal muscle myosin subfragment-1, 
but preferentially binds to the ATPase intermediate with 
ADP and phosphate bound at the active site of myosin 
II'*! and slows down phosphate release by stabilization 
of this state.'*’. Blebbistatin does not interfere with 
binding of myosin to actin or with ATP-induced 


actomyosin dissociation.'®! In vitro studies with rat and 
human corporal cavernosal tissues have demonstrated 
that tissue precontracted with phenylephrine can be 
completely relaxed with blebbistatin.’*° There is also in 
vivo evidence in rats that precontracted cavernosal 
tissue can be relaxed quite significantly with expected 
rises in intracavernosal pressures with blebbistatin 
administration delivered via intracavernosal injections, 
with minimal effects on mean arterial pressure that are 
recovered within seconds of administration. However, it 
should be noted that two of the rats in this study did 
have prolonged increases in their intracavernosal 
pressures and concurrent erections that lasted for an 
hour despite corporal cavernosal washout at maximal 
doses.'®° This potency of inhibition speaks to blebbi- 
statin’s ability to reduce actin affinity of the myosin- 
ADP-Pi 
pro-erectile potency, and potential priapistic concerns. 


complex after cavernosal washout, its 
In vivo studies in humans are still required to address 


dosing, potency, and safety. 


Drug-eluting stents 

Penile arterial revascularization procedures are appro- 
priate and indicated with selected patients. An ideal 
patient would be a healthy individual with recently 
acquired ED secondary to a focal arterial occlusion and 
in the absence of any evidence of generalized vascular 
disease.'** Trauma patients with arteriogenic ED were 
recently identified in systematic reviews as a population 
that may benefit from revascularization; however, large 
prospective trials would be needed.'** 

Minimally invasive coronary artery stents have revo- 
lutionized the treatment of ischemic heart disease, and 
this procedure has given many poor surgical candidates 
a therapeutic option. The main adverse event has simi- 
larly been improved with the use of drug-eluting stents 
to prevent thrombosis. A pilot study by Rogers et al.'* 
reported a significant correlation between coronary and 
internal pudendal arterial disease in men with ED. 
Coronary artery stenosis mirrored stenosis in the 
internal pudendal arteries (52% right, 60% left), and 
was typically found ideally suited for percutaneous 
treatment in the mid or distal artery. To answer whether 
percutaneous revascularization is a worthwhile 
endeavor, the ZEN trial (zotarolimus-eluting peripheral 
stent system for the treatment of erectile dysfunction in 
males with suboptimal response to PDE5 inhibitors) was 
initiated in 2009 and is the first human feasibility safety 
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trial for this therapy. The ZEN trial may add a new inter- 


ventional therapeutic arm for the management of ED, 


albeit for a very select group of men with recently 


acquired ED secondary to a focal internal pudendal 


arterial occlusion without evidence of generalized 


vascular disease. While the safety of drug-eluting stents 


is known for coronary revascularization, this is yet 


uncharted territory that will require close follow-up of 


all the investigators involved to identify what adverse 


events to monitor for. The preliminary data for the 


ZEN trial are promising, both as regards the radio- 


graphic normalization of angiograms post stenting, and 


excellent recovery of erectile function in men with dis- 


crete lesions of the internal pudendal artery. The safety 


and tolerability appear to be equivalent to those of 


coronary artery stenting, and there may be a role for 


routine pelvic angiography in those undergoing inves- 


tigation for coronary artery disease with concurrent 


complaints of ED.'*° 


Conclusion 


In conclusion, despite the fact that the field of drug 


therapy for ED is still in its infancy, dramatic advances 


and novel therapeutics abound. Importantly, there has 


been a societal shift towards greater patient comfort in 


discussing sexual health and in pursuit of treatment. 


Epidemiological research has demonstrated the link bet- 


ween ED and hypertension, coronary artery disease, 


and hypogonadism. The future of ED therapy will 


likely be directed towards a curative approach through 


gene therapy or other agents where the possibility of 


permanent improvement would enhance the quality of 


life of patients and their partners. 
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CHAPTER 20 
Priapism 


Varun Sahdev, David Ralph, and Asif Muneer 
University College Hospital London, London, UK 


Priapism can be defined as a persistent penile erection 
lasting longer than 4 hours in the absence of sexual 
stimulation and persisting despite ejaculation or 
orgasm.' It is a urological emergency and can be subdi- 
vided into ischemic (low flow), non-ischemic (high 
flow), and recurrent (stuttering) subtypes. 

The disease is named after Priapus, the Greek god of 
fertility and protector of gardens, fruit, plants, and live- 
stock. According to Greek mythology, Priapus was 
cursed by the jealous goddess Hera, while still in the 
goddess Aphrodite’s womb, leaving him with an over- 
sized phallus, large hands, and a large tongue. 
Petraens’s Gonorrhoea, Satyriasis et Priapisme represents 
the earliest documented account of the disease and 
dates back to 1666.’ 

The underlying pathophysiology of this condition is 
still not well understood, but renewed scientific interest 
in the form of clinical and laboratory research has led to 
significant progress in the diagnosis and management of 
the disease over the past 10-15 years. 


Epidemiology and pathophysiology 
of priapism 


The incidence of priapism is 0.5-0.9 cases per 100,000 
person-years.’ Priapism is known to be more common 
in patients with sickle-cell disease, with the quoted 
prevalence in this patient group being 3.6% below the 
age of 18 years and up to 42% in patients aged above 18 
years.* 


Non-ischemic priapism 

Non-ischemic (or arterial) priapism is a relatively 
uncommon condition and usually occurs following 
blunt trauma to the perineum especially after a 


straddle-type injury. The mechanism involves compres- 
sion of the cavernosal artery against the pubic bone 
resulting in a laceration to the cavernosal artery and a 
subsequent high-flow fistula between the artery and the 
lacunar spaces of the sinusoidal tissue.* 

In this condition, patients commonly present as a 
delayed consultation, with a non-painful persistent, 
semi-rigid erection,’ often with visible pulsation 
present.’ Blood gas analysis from blood aspirated from 
the corpus cavernosum reveals a normal pH and a 
normal pO,. As a result, the chance of irreversible 
smooth muscle dysfunction of the corpus cavernosum 
in the long term is significantly reduced compared to 
other forms of the disease. 


Ischemic priapism 

Ischemic priapism is by far the most common form of 
the disease and accounts for over 95% of cases.*® 
Unsurprisingly, it is therefore the most extensively 
investigated subtype. When ischemic priapism persists 
beyond 4 hours, it is considered to be effectively a 
compartment syndrome of the penis.*’” 

In terms of the etiology, the majority of cases are idi- 
opathic;*’? however, it is also known to be associated 
with several diseases and medication regimes. These 
include sickle-cell anemia, hematological dyscrasias, 
neoplastic syndromes, malignancy, neurological condi- 
tions, and drugs such as antipsychotics and intracaver- 
nosal injections used for erectile 
(Table 20.1). 

From the clinical perspective, the patient typically 


dysfunction 


presents with penile pain; clinical examination reveals 
rigidity of the corpora cavernosa.’ Blood gas analysis 
from the corpora cavernosa reveals hypoxia, hyper- 
capnia, and acidosis,’° with prolonged cases also devel- 
oping glucopenia." 
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Table 20.1 Etiology of ischemic priapism. 


Idiopathic 30% risk 
Hematological 
Sickle-cell disease 
Leukemia 
Polycythemia 
Thalassemia 
Fabry’s disease 
Multiple myeloma 
Factor V Leiden mutation 
Antipsychotics 
Chlorpromazine 
Clozapine 
Antihypertensives 
Hydralazine 
Prazocin 


Guanethidine 


Intracavernosal injections 5% risk 
Papaverine 
Prostaglandin E, 1% risk 
Malignancy 


Metastatic prostate cancer 

Bladder cancer 
Neurological 

Cauda equina 

Spinal steroids 


These ischemic parameters lead to changes within the 
metabolic environment of the corpora cavernosa. In 
addition to the aforementioned hypoxia, hypercapnia, 
and acidosis, further sequelae include smooth muscle 
dysfunction and fibrosis, which occur in a time- 
dependent manner. These may become irreversible if 
the ischemia is not promptly reversed;!’ indeed, the 
duration of ischemic priapism represents the most 
significant predictor of erectile function. 


Cellular-level changes in ischemic priapism 
At the cellular level, early histological alterations are 
observed. These include an expanded perinuclear cyto- 
plasm, ribosomes, Golgi apparatus, and endoplasmic 
reticulum, which can be seen after 12 hours of ischemia. 
As the ischemia continues to between 24 and 48 
hours, further degradation occurs in the form of destruc- 
tion of the endothelium and exposure of the basement 
membrane, which in turn results in the adherence of 
thrombocytes. 
Changes also occur in a similar manner to the smooth 
muscle cells, leading to necrosis, which eventually 


culminates in the transformation of smooth muscle cells 
into fibroblast-like cells.’? In practice, priapism that lasts 
longer than approximately 24 hours is associated with 
unavoidable long-term erectile dysfunction.’ 

Regarding the pathophysiology of ischemic priapism, 
there are several steps where neurovascular and smooth 
muscle dysregulation may occur along the complex 
pathway involved in achieving a penile erection. 

The precise mechanism involved in the initiation of 
abnormal penile tumescence has not been fully eluci- 
dated. However, several factors are likely to be involved 
with a combination of central nervous system involve- 
ment, changes in the corpus cavernosal microenviron- 
ment including disrupted aberrant neurotransmitter 
activity, and aberrant smooth muscle contraction. 

During the erectile maintenance phase, an imbalance 
exists between factors regulating vasoconstriction and 
vasorelaxation in the penis. The role of nitric oxide 
(NO) has also been discussed at length in the literature. 
It was previously thought to play little or no part in the 
pathophysiology of priapism;'* however, more recent 
work examining endothelial NO-mediated synthase- 
negative mice has revealed that it may play a more 
significant role.’ 

The proposed mechanism suggests that a deficiency of 
NO results in dysregulation of phosphodiesterase-5 
(PDE5), resulting in a lower PDE5 functional set point. 
This in turn causes an imbalance in favor of unregulated 
smooth muscle relaxation.'* 


Stuttering (recurrent) priapism 

In stuttering priapism, there are recurrent episodes of 
prolonged but self-limiting erections.!? The frequency 
and duration of these priapic episodes may crescendo 
into an acute episode of ischemic priapism. The 
condition occurs more often at night with a failure of 
detumescence on waking, with erections becoming 
painful if they exceed 1 hour in duration. 

In patients with sickle-cell disease, the erections are 
associated with the development of ischemia; however, 
the picture is sometimes more complex. Stuttering pria- 
pism can sometimes occur in the context of short-lived 
high-flow episodes; and, secondly, men who have expe- 
rienced an acute ischemic priapic episode lasting more 
than 4 hours are also at higher risk of developing 
stuttering priapism.'° 

Although it is often deemed idiopathic, stuttering 
priapism is known to be more common in patients with 
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sickle-cell disease.'*'” Other postulated causes include 
intrinsic smooth muscle dysfunction of the penis, 
abnormal central and peripheral nervous system regula- 
tion, and dysfunction of the hormonal axis.’ 


Malignant priapism 
Malignant priapism can be described as priapism that is 
related to metastatic disease or its associated local inva- 
sion or infiltration. The mechanism is poorly under- 
stood, although cases reported thus far in the literature 
favor an infiltrative mechanism as opposed to the hemo- 
dynamic process associated with other forms of the 
disease.'® 

Due to the difference in the likely mechanism, phar- 
macological agents are not recommended in the 
treatment of malignant priapism and magnetic reso- 
nance imaging (MRI) is used to characterize the primary 
tumor, which becomes the focus of any further 
management.’ 


Clinical assessment of the patient 
with priapism 


History 
When faced with a patient with priapism in the acute 
setting, a comprehensive but focused history provides 
the key information required to differentiate between 
the different forms of the disease. The patient should be 
asked specifically about the duration of the erection, the 
severity of pain (if present), whether he has had 
previous priapic episodes, and how these were managed. 
Specific questions related to the past medical history 
include inquiring about any known history of sickle-cell 
disease, hemoglobinopathies, hypercoagulable states, 
and recent pelvic trauma. A thorough drug history 
should be taken asking specifically whether the patient 
takes any erectogenic medications or recreational 
drugs.’ 


Examination 

A full physical evaluation in the context of priapism 
includes an abdominal examination, with examination 
of the genitalia as well as the perineum.'® Classically, 
in non-ischemic priapism, the corpora are not fully rigid 
whereas in ischemic priapism, the corpora are fully rigid 
but the glans is not. 


Investigations 

Blood tests 

A blood profile in the context of priapism should include 
a full blood count, platelet count, and coagulation 
screen including those to assess hematological abnor- 
malities. Blood gas analysis is essential to differentiate 
ischemic and non-ischemic priapism (Table 20.2). 


Imaging 

Several imaging modalities are helpful for both the diag- 
nosis as well as the management of priapism. The 
principal modalities available for the assessment of pria- 
pism include a penile Doppler study, angiographic 
studies and MRI. 


Doppler studies 

A penile Doppler study acts as a key adjunct to the his- 
tory, examination, and blood gas analysis findings and 
helps to differentiate between ischemic and non- 
ischemic priapism.” Standard gray-scale studies are 
combined with Doppler imaging, which assesses the 
degree of flow present in the cavernosal artery.” 


Doppler findings in ischemic priapism 

In the case of ischemic priapism, the flow within the 
corpora cavernosa is absent and the Doppler trace 
reveals high resistance with low velocity. A concurrent 
low diastolic pressure is found and the arterial pressure 
is either normal or reduced but never raised. 

The sinusoids are enlarged but the echogenicity 
depends upon the degree of sinusoidal thrombosis and 
the flow in the dorsal vein is most likely reduced or 
unrecordable.””?? 

According to some studies, the degree of arterial cav- 
ernosal blood flow can remain relatively high in a small 
percentage of patients; however, this is matched by high 
vascular resistance leading to non-perfusion. In the 


Table 20.2 Blood gas values. 


Source pO, (mmHg) pCO, (mmHg) pH 
Normal arterial blood >90 <40 7.40 
(room air) 

Normal mixed venous 40 50 7.35 
blood (room air) 

Ischemic priapism <30 >60 <7.25 


Adapted from Broderick et al.'? 
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context of ischemic priapism, Doppler studies also pro- 
vide a good method of assessing resolution immediately 
following intervention as well as in follow-up studies.” 


Doppler findings in non-ischemic priapism 

In non-ischemic priapism, cavernosal artery flow is 
either elevated or normal, with a low diastolic 
pressure signifying low resistance. Venous changes 
are also seen in non-ischemic priapism in the form of 
high venous outflow within the dorsal vein.** The 
sinusoids in this case are often compressible with an 
ultrasound probe. 

Doppler is extremely accurate in detecting arterio- 
cavernosal fistulas, and color Doppler detects 
abnormal turbulent flow within the fistulous tract. 
This may be more challenging to detect in the 
immediate post-traumatic stage, but becomes more 


apparent with time.” 


Arteriography 

An arteriogram of the pudendal artery can reveal 
extravasation in the context of a cavernosal artery 
injury in patients with arterial priapism.*°*” According 
to recent guidelines, arteriography should be reserved 
for patients deemed to be suitable for embolization, due 
to the invasive nature of the study.’ Penile Doppler 
study (PDS) provides a useful means of follow-up for 
these patients in order to accurately assess the degree of 
resolution of the arterio-cavernosal fistula.” 


Magnetic resonance imaging 

MRI plays an important role in ischemic priapism. It 
provides key information regarding the extent of infarc- 
tion in the corpora cavernosa. This may influence defin- 
itive management, specifically whether to proceed with 
a shunting procedure versus a primary prosthesis inser- 
tion.” In non-ischemic priapism, MRI can also be help- 
ful in delineating fistulous tracts. Additionally MRI can 
also be used to identify rarer causes of priapism such as 
penile metastases and malignancies as well as partial 
cavernosal thrombosis.” 

Kirkham et al.” describe a specific penile protocol for 
the investigation of priapism, which does not require 
cavernosal injection of pharmacostimulant. The penis is 
secured to the anterior abdominal wall and sections of 4 
mm or less with high-resolution images are used with a 
small field of view. Intravenous contrast is essential to 
demonstrate areas of necrosis.” 


Management of priapism 


Management of non-ischemic priapism 
There is less urgency required in treating non-ischemic 
priapism, as by definition there is no corporal ischemia. 
The priority initially is therefore to differentiate this 
condition from ischemic priapism; this is aided by a 
good clinical history and blood gas analysis followed by 
Doppler studies that show increased arterial blood flow 
to the penis. As the blood is well oxygenated, the risk of 
ischemic damage leading to corporal fibrosis and impo- 
tence is low. 

Conservative treatment is usually attempted prior to 
proceeding with more invasive measures. These include 
applying ice to the perineum or, in the presence of a fis- 
tula at the base of the corpora, duplex ultrasound- 
guided compression can also be successful in reversing 
the high-flow priapism.*' This can be especially success- 
ful in children.” Aspiration of blood from the corpora is 
not an option for treatment, and the use of an alpha- 
adrenergic antagonist is contraindicated in order to 
avoid systemic absorption.’ 

Selective arteriography combined with arterial embo- 
lization using an autologous clot, gel foam, or 
permanent substances such as coils,** is the preferred 
treatment modality and success rates can be as high as 
89%.** Recurrence rates of non-ischemic priapism fol- 
lowing selective artery embolization are reported to 
vary from 7% to 27% in the literature.** In some cases a 
repeat procedure is required. 

Surgical management of non-ischemic priapism 
should be reserved as a last resort in cases that are 
refractory to the above measures. The main surgical 
approach is open arterial ligation with or without intra- 
operative ultrasound imaging.” Overall, potency is 
reported to be preserved in 77-86% of patients with 
non-ischemic priapism.*® 


Management of ischemic priapism 

In contrast to non-ischemic priapism, acute ischemic 
priapism should be addressed as a urological emergency. 
The aim of treatment is to restore penile flaccidity, treat 
pain, and prevent damage to the corpora cavernosa.’ 


Conservative treatment 

Conservative measures can be performed soon after 
onset. These comprise ejaculation, the application of 
ice-packs to the perineum, and gentle exercise; these 
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may work by inducing vasoconstriction.* However, it is 
vitally important that these attempts do not under any 
circumstance delay corporal aspiration in ischemic pria- 
pism lasting more than 4 hours.'” 

Some authors advocate that in cases of ischemic pria- 
pism, where there is a good history of recent pharmaco- 
therapy (e.g., in the case of intracavernosal prostaglandin 
injection), direct injection of a sympathomimetic can be 
carried out without prior aspiration.’ 


Corporal aspiration 
Aspiration of stagnant corporal blood is performed 
under local anesthesia, either with intracorporal access 
via the glans or with a percutaneous needle approach- 
ing from the lateral aspects of the proximal penile shaft. 
The blood usually appears deoxygenated and viscous. 
Aspiration itself may resolve the problem by pro- 
moting the recovery of intracorporal blood circulation 
and reversing veno-occlusion. Reperfusion also allows 
penile detumescence and hence reduction of pain.*”” 


Medical therapy 

Sympathomimetic injection 

Should aspiration fail to achieve detumescence, 
alpha-adrenergic agonists should be injected to 
induce contraction of the corpus cavernosum and the 
helicine arteries. This can be achieved using several 
sympathomimetic agents including phenylephrine, 
etilefrine, ephedrine, epinephrine, norepinephrine, 
and metaraminol.*?*° 

Phenylephrine is usually deemed to be the drug of 
choice given its high selectivity for the «l-adrenergic 
receptor. This avoids overstimulation of the cardiovas- 
cular system, specifically the B-mediated cardiac chro- 
notropic and inotropic effects.‘” 

Despite this, careful monitoring of the patient’s blood 
pressure is required as the adrenergic effects of the drug 
on the systemic circulation can lead to systemic hyper- 
tension. The desired result of sympathomimetic 
therapy is a reduced volume of stagnated blood and 
relief of pressure on the subtunical venules, ultimately 
leading to penile detumescence. 

However, the cavernosal smooth muscle may still fail 
to contract due to the metabolic alteration in the 
immediate microenvironment of the corporal smooth 
muscle, resulting in refractory tumescence; therefore it 
has been advocated in certain circumstances to titrate 
up to higher doses.” 


Other medical therapies 

Alternative medical treatments such as methylene blue 
and etilefrine have been utilized in patients who fail to 
respond to these measures. Sickle-cell-associated pria- 
pism also requires a slightly different approach. 


Methylene blue 

Methylene blue is a compound, that has several 
biological effects. It is known to inhibit soluble guanyl- 
ate cyclase (sGC), which leads to reduced levels of cGMP 
and increased smooth muscle tone in the corpora caver- 
nosa.** The use of methylene blue has been limited to 
anecdotal reports and small series." 


Medical therapies specific to patients with 
sickle-cell disease 

Etilefrine is an alpha-adrenergic agonist that can also be 
administered orally. It is more commonly utilized in 
sickle-cell patients, where there have been reports of 
successful treatment.” 

Additional measures that may be required in patients 
with sickle-cell-related priapism include intravenous 
fluids and oxygen as well as the administration of intra- 
venous bicarbonate.’*** Occasionally exchange blood 
transfusion may be advocated with the aim of increasing 
oxygen delivery to tissues. 


Surgical management of ischemic priapism 

Acute surgical intervention for ischemic priapism should 

be reserved for cases where conservative and medical 

treatments have failed. The aim of intervention is to 
divert ischemic corporal blood into the venous system 
by developing a new channel of blood flow. 

According the International Society for Sexual 
Medicine (2009), shunting should be considered for 
priapism lasting 72 hours or longer.'? Four main shunt 
procedures are described: 

l Percutaneous distal corporoglandular shunts. 
The Winter shunt and the Ebbehoj procedure are the 
simplest methods of creating a shunt between the 
corpus spongiosum and the corpus cavernosum. In 
the Ebbehoj technique, a narrow-blade scalpel is 
inserted into the glans lateral to the urethral meatus 
into the corpus cavernosum.' Multiple incisions are 
made through the same entry site by rotating the 
scalpel blade by 90°. The overlying glans is then 
closed using sutures. In contrast, Winter’s procedure 
uses a Tru-cut biopsy needle to remove cores of tunica 
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albuginea and create fistulous communications 
between the corpus cavernosum and the corpus 
spongiosum.'? Several attempts may be required 
before detumescence occurs. 

2 Open distal (also corporoglandular) shunts. The 
Al-Ghorab procedure involves creating a shunt 
between the glans penis and the tip of the corpus cav- 
ernosum by excising a small amount of tunica 
albuginea.'? 

3 Open proximal (corporospongiosal) shunts. The 
Quackles procedure involves a unilateral corporot- 
omy, which is anastomosed to the corpus spongio- 
sump; this is performed by a perineal approach in the 
Quackles technique. The Sacher technique is a slightly 
modified version and involves a penoscrotal 
approach.** 

4 Vein anastomoses/shunts. The Grayhack procedure 
involves creating a shunt between the corpus caver- 
nosum and the long saphenous vein by tunneling the 
vein from the upper thigh to the proximal corpus cav- 
ernosum. In the Barry technique the corpora are 


shunted to the dorsal penile vein.™* 


T-shunt and tunneling procedure 

For those patients with priapism lasting 1-3 days, a #10 
blade-scalpel is initially positioned vertically and parallel 
to the urethral meatus over a marked glandular incision 
site, after infiltration with local anesthetic or under gen- 
eral anesthetic.! 

The blade is advanced to penetrate the tip of the ipsi- 
lateral corpus cavernosum and the blade is then 
rotated 90° laterally away from the urethra and then 
withdrawn. Deoxygenated blood is then milked out 
through the incision and the site is then closed with 
sutures.!? 

A 15-minute grace period is given in order to 
ensure detumescence.” If the priapism does not 
resolve, the procedure is then repeated on the contra- 
lateral side. 

In ischemic priapism lasting more than 3 days, the T- 
shunt procedure is performed; however, tunneling is 
also performed with an 8-10 Fr straight urethral sound 
or dilator inserted through the glans incision. This is 
inserted as far as the penile crura of the corpora 
cavernosa. 

The wounds are then closed with 4-0 sutures. If 
rigidity returns, color duplex ultrasonography is used to 
assess blood flow within the cavernous arteries.’* 


Shunt selection and postoperative care 
The type of shunt procedure is usually guided by 
surgeon preference and familiarity with different tech- 
niques. However, as a general rule, it is preferable to try 
distal techniques before proceeding to proximal tech- 
niques. With regard to outcomes, it appears that patients 
experiencing priapism that lasts longer than 24 hours 
appear to have impaired erectile tissue such that any 
shunt procedure after this may only serve to relieve 
pain but not preserve potency.!””° 

After a shunting procedure it is important to apply 
intermittent compression to the penis to maintain the 
patency of the fistula, and repeat the corpus cavernosal 
blood gas analysis. Doppler ultrasound may need to be 
performed in the context of postoperative penile edema‘ 
in order to exclude recurrent priapism. 


Primary penile prosthesis insertion 

Intractable therapy-resistant acute ischemic priapism 
lasting more than 48 hours usually results in complete 
erectile dysfunction along with possible major penile 
deformity. In these cases, there is an argument for pro- 
ceeding directly to immediate malleable penile pros- 
thesis surgery in order to avoid the complications that 
may occur by delaying surgery.*° Complications from 
penile prosthesis insertion include urethral injury, tuni- 
cal erosions, infection, and/or penile shortening.*”° At 
this stage there is debate in the literature whether to 
proceed with prosthesis insertion or to carry out a 
T-shunt procedure. 


Management of stuttering priapism 
The primary goal in the management of patients with 
stuttering priapism is the prevention of further episodes. 
The treatment is primarily pharmacological, although 
each acute episode should be managed as per acute 
ischemic priapism.* 

Unfortunately, it is still not clear from the literature 
how safe or effective these pharmacotherapies are in the 
context of treating stuttering priapism.’*°**' 


Hormone treatment 

Hormonal therapy in priapism aims to reduce circulating 
testosterone levels therefore leading to fewer penile 
erections.” The main class of drugs used in this category 
are gonadotropin-receptor hormone agonists or antago- 
nists. The side effects typically comprise hot flushes, 
gynecomastia, impaired erectile function, loss of libido, 
and weakness.’ 
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Anti-androgen therapy in the form of drugs such as 
bicalutamide and estrogen treatment may also be effec- 
tive.’ In addition, there is also some evidence that 5a- 
reductase inhibitors such as dutasteride and finasteride 
may potentially be beneficial.*” 

As hormonal treatments have a contraceptive effect, 
and interfere with normal sexual development, they 
should be used with caution in boys who have not 
reached sexual maturity and in men trying to achieve 
conception. 


PDES inhibitors 
Some studies have also found that there is a paradoxical 
effect following the long-term administration of a phos- 
phodiesterase type 5 inhibitor (principally in patients 
with idiopathic and sickle-cell disease-associated pria- 
pism!*). It can reduce the frequency of erections in these 
patients according to laboratory studies.°*“* 
Phosphodiesterase type 5 inhibitors act to enhance 
PDE5 function by increasing the concentration of 
cGMP in the smooth muscle in a nitric oxide dysfunc- 
tional state. It has been shown in some studies that 
although PDE5 inhibitors are usually used for treating 
erectile dysfunction, they can be paradoxically effec- 
tive in treating stuttering priapism.” Treatment 
should only be started in the flaccid state and there 
may be a delay of 1 week before the treatment is 
effective. 


Other pharmacological treatments 
Digoxin 
Studies with oral alpha-adrenergics have suggested that 
limited daily dosing with these agents can be effective in 
up to 72% of cases.°*** Digoxin regulates smooth muscle 
tone through a number of different pathways leading to 
penile detumescence.!**¢ 

There is some evidence that digoxin can decrease 
sexual desire and excitement with a concomitant 
reduction in penile rigidity.’ Typical side effects include 
decreased libido, anorexia, nausea, vomiting, confusion, 
blurred vision, headache, gynecomastia, rash, and 
arrhythmia. 


Terbutaline 

Terbutaline is a beta-agonist that causes vasodilation 
resulting in smooth muscle relaxation. It has only been 
shown to be effective in pharmacologically induced 


priapism.’ Side effects include nervousness, shakiness, 
drowsiness, heart palpitations, headache, dizziness, hot 
flushes, and nausea. 


Gabapentin 

Gabapentin is an anticonvulsant, antinociceptive, and 
an anxiolytic. It can cause penile detumescence when 
given at the correct dose.’ Its side effects include erectile 
dysfunction and anorgasmia. 


Baclofen 

Baclofen is a gamma-aminobutyric acid (GABA) 
derivative that can inhibit penile erection and ejaculation 
via inhibitory pathways. It is used to prevent prolonged 
erections resulting from neurological diseases can be 
more effectively dosed when delivered intrathecally.*” 
The side effects may include drowsiness, confusion, diz- 
ziness, weakness, fatigue, headache, hypotension, and 
nausea. 


Hydroxyurea 

Hydroxyurea is an established treatment for sickle- 
cell disease. For patients with sickle-cell disease and 
recurrent priapism there is some evidence that med- 
ical prophylaxis with hydroxyurea may be effective. 
However, the side effects include oligospermia and 
leg ulcers. 


Intracavernosal sympathomimetics 

Intracavernosal self-injections of sympathomimetic 
drugs can also be considered for the treatment of acute 
episodes on an interim basis until ischemic priapism has 
been alleviated.’ 


Conclusions 


Although low in incidence, priapism can be a challeng- 
ing condition to treat. It is a urological emergency and 
should be assessed in an appropriately emergent fashion. 
The key is to differentiate between ischemic and non- 
ischemic priapism in order to organize treatment in a 
timely manner. 

There is now a better understanding of the patho- 
physiology, diagnosis, and the medical, radiological, and 
surgical treatment options. However, further scientific 
progress needs to be made in order to achieve the goal 
of preventing physical injury to the penis and preserving 
sexual health. 
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Introduction 


The most extensive studies examining erectile 
dysfunction (ED) after radical pelvic surgery are those 
documenting outcomes after radical prostatectomy 
(RP). It is likely, however, that these results are gener- 
ally applicable to any surgery within the pelvis. 
Cystoprostatectomy, lower rectal surgery, and pelvic 
exenteration are all associated with the development of 
ED in addition to RP. 

ED rates as high as 90% have been reported after RP, 
although there is a remarkably wide range of reported 
ED outcomes. This unfortunately is the direct result of 
variability in the study structures and definition of ED 
applied, and leads to unrealistic patient expectations 
postoperatively.'? Importantly, patients should be edu- 
cated regarding the chance that they will return to their 
baseline rigidity. Nelson et al. demonstrated that only 
43% of men who underwent RP will return to their pre- 
operative degree of rigidity, and this included men who 
were taking phosphodiesterase-5 inhibitors (PDE5i) in 
order to achieve that erectile function (EF).* Only 22% 
of men who did not require PDE5i preoperatively will 
not require PDE5i postoperatively in order to achieve 
their baseline EF and only 4% of men over the age of 60 
years will not require erectile aids after surgery to return 
to their baseline. 

Furthermore, there is no evidence that “minimally 
invasive surgery” provides any benefit over open surgery 
regarding ED outcomes. There are no randomized trials 
comparing robotic versus open surgical RP that 


demonstrate greater efficacy of one approach over the 
other with regards to preservation of EF. Retrospective 
chart reviews and prospective non-randomized studies 
do not allow comparative conclusions regarding EF 
outcomes because of the significant inherent selection 
bias.*” 


Mechanisms of erectile dysfunction 


Neurogenic ED 

Appreciation of pelvic anatomy and the autonomic 
nervous system that innervates the penis allows an 
understanding of how any pelvic surgery, and not just 
RP, can cause neurogenic sexual dysfunction. Damage 
to the parasympathetic nerves at any point along their 
path from spinal cord (S2-4) to penis will decrease 
erectile function; injury to sympathetic nerves results 
in ejaculatory dysfunction. Parasympathetic nerves 
arise from S2-4 (pelvic splanchnic nerves) and con- 
verge upon the inferior hypogastric plexus located 
along the sides of the rectum in men. The sympathetic 
nerves arise from T12-L2 and join the superior hypo- 
gastric plexus found anterior to the aortic bifurcation. 
Upon exit from the plexus they are known as the 
hypogastric nerves, and they travel along the internal 
iliac arteries to join the inferior hypogastric plexus. 
Intertwined parasympathetic and sympathetic nerves 
exiting this plexus are known as the cavernous nerves 
(CN). The CN can be found running between the pros- 
tatic fascia and levator fascia, which surrounds the 
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prostate, before diving underneath the pubic bone to 
innervate the penis. 

Nerve damage can occur not only as a result of direct 
transection, but also as a result of thermal, ischemic, 
and traction injury.ć The timing of nerve injury is also 
not isolated just to the time of surgery. Neuropraxia and 
Wallerian degeneration are clearly evidenced not only 
by the immediate degeneration of EF in the majority of 
men after pelvic surgery, but also by a second precipi- 
tous decline in EF that is not apparent until weeks or 
months immediately following surgery. Katz et al. dem- 
onstrated that 16% of men had functional erections 3 
months after RP.” At 3-6 months, however, 20% of the 
same men who had functional erections immediately 
post-RP had a decline in EF. Ninety-one percent of this 
group went on to regain functional erections at 1 year, 
demonstrating that nerve injury and recovery extends 
well beyond the confines of the operating room. 
Importantly, even temporary damage to nerves results 
in increasing irreversible damage to the erectile tissue 
that, eventually, no degree of nerve regeneration can 
overcome. 


Vasculogenic ED 

Damage to the erectile tissue ultimately causes corporal 
veno-occlusive dysfunction (CVOD), also known as 
venous leak.* Almost immediately postoperatively there 
is a total absence of nocturnal and erotic erections 
because of cavernosal nerve injury. Even when bilateral 
nerve-sparing surgery is successful macroscopically, 
there is an initial neuropraxia that results from any 
manipulation of the nerve bundles. During this time, no 
matter how temporary, there a loss of erections ensues. 
Absence of erections decreases cavernosal oxygenation 
and in turns promotes smooth muscle apoptosis, and 
these changes have been demonstrated within weeks 
after cavernosal injury.*’ In addition to the release of 
proapoptotic factors such as transforming growth 
factor-B1 (TGF-B1), collagen deposition is increased and 
fibrosis ensues.® Penile rigidity and ability to sustain an 
erection are largely linked to the ability of healthy tissue 
to expand and compress the emissary veins that run 
beneath Buck’s fascia. As fibrosis increases, the erectile 
bodies no longer expand and compress these veins, so 
they continue to drain the corporal bodies. The resulting 
decrease in erectile tissue dispensability ultimately leads 
to CVOD and ED (Figure 21.1). 
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Figure 21.1 Pathophysiology of erectile dysfunction (ED) after 
pelvic surgery. 


Vascular dysfunction can also result from cavernosal 
artery insufficiency (CAI). Damage to the arteries that 
feed the corpora cavernosa can result in ED. For 
example, Leriche syndrome — occlusion of the aorta as 
it bifurcates into the common iliac arteries — presents 
with ED in addition to gluteal claudication and absent 
femoral pulses. Arterial inflow to the penis continues 
from the internal iliac arteries to the internal pudendal 
arteries, and subsequently to the common penile 
arteries. Accessory pudendal arteries (APAs) may stem 
from the external iliac, obturator, vesical, and femoral 
arteries, and may also provide important inflow to the 
penis. The contribution of APAs to erection is contro- 
versial because although there are studies that demon- 
strate a significant prevalence of APAs in a large portion 
of men, very few studies have investigated the 
functional and clinically relevant role of APAs in EF 
recovery of men after pelvic surgery.'° Doppler duplex 
ultrasound evaluation of accessory pudendal arteries 
demonstrates hemodynamic changes similar to the 
changes that the cavernosal arteries undergo during 
erection.'! If possible, therefore, preservation of APAs 
during surgery should be attempted because of the 
possibility that they may help aid EF recovery after 
pelvic surgery.'” 
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Treatment of erectile dysfunction 


It is important to appreciate issues that confound the 
interpretation of ED treatment success after surgery. Of 
importance is how studies define their EF outcome. The 
gold standard study should use a validated assessment 
of EF both before and serially after surgery for a 
minimum of 24 months postoperatively, as well as a 
clear assessment of EF with and without erectile aids 
post-surgery. There must be an adequate control (base- 
line function prior to surgery is best), and the means of 
assessment should be as objective as possible. The 
further a study strays from appropriate control and 
objective outcomes, the more likely bias is introduced 
and the results unreliable. Unfortunately, all too often 
the published literature relies on patient recall and 
subjective determination of erectile function as an out- 
come, and these results must thus be interpreted cau- 
tiously. Another concern is patient selection, with only 
select patients (often younger patients with better pre- 
operative function and excellent nerve-sparing surgery) 
being included in such an analysis. Further confounding 
the issue is the inclusion of penile rehabilitation (PR) 
strategies within the literature. Obviously PR warrants 
vigorous investigation because of the potential to alle- 
viate significant surgical morbidity, but PR trials are by 
their very nature NOT designed to evaluate the efficacy 
of isolated as-needed erectile aid usage after surgery. 


Oral therapy 

Mechanism of action 

Phosphodiesterase type 5 inhibitors (PDE5i) are consid- 
ered first-line medical therapy for ED of any etiology 
because they are oral medications that are widely avail- 
able and can be highly efficacious. Response to PDE5i 
after pelvic surgery is tightly linked to the degree of cav- 
ernosal (parasympathetic) nerve injury. One of the first 
steps in an erection is parasympathetic nerve nitric 


oxide release (nitrergic response); this, in turn, causes 
an increase in cGMP through the action of guanylate 
cyclase. PDE5i function by preventing the breakdown of 
cGMP to 3'5’-cGMP, which occurs through the enzy- 
matic action of PDE5 enzymes. Onset of erection occurs 
when enough cGMP has accumulated to trigger smooth 
muscle relaxation and tumescence. When significant 
nerve injury has occurred, such as in the case of non- 
nerve-sparing RP, PDE5i efficacy is greatly diminished 
because the initial event (NO release from cavernosal 
nerves) that launches the signaling cascade is severely 
compromised (Table 21.1). 


Outcomes 

Because the degree of efficacy of PDE5i is directly linked 
to the degree of nerve preservation after pelvic surgery 
as well as the baseline EF of the patient, it is difficult to 
generalize the response rates of on-demand PDE5i. Men 
who have undergone an excellent nerve-sparing RP can 
expect response rates to PDE5Si that are better than those 
who have experienced significant nerve trauma, 
assuming equivalent baseline EF. Raina et al. demon- 
strated a 71% response rate to sildenafil at 3 years after 
RP.” Importantly, 13% of men at one institution whom 
surgeons had deemed to have undergone complete 
non-nerve-sparing RP had EF recovery, underscoring 
our inability to accurately determine nerve injury in the 
operating room and predict nerve regeneration.” All 
men, therefore, should undertake a PDE5i challenge to 
assess their response regardless of their documented 
nerve status." 

Even accounting for different pharmacokinetic pro- 
files such as onset and duration of action, there is little 
reason to suspect that any one PDE5i family member 
will be significantly more clinically effective than others 
in any given patient, and there are no well-designed 
head-to-head trials that support superiority. A recent 
systematic review demonstrated that all members of the 


Table 21.1 Pharmacokinetics of phosphodiesterase type 5 inhibitors (PDE5i). 


PDESi Dosing (mg) Plasma 1/2 life Time to max. Duration of Optimize efficacy 

(hours) efficacy (hours) efficacy (hours) 
Sildenafil 25, 50, 100 4 1 8 Absorption reduced by fatty food 
Tadalafil 2.5, 5, 10, 20 175 2 24 Fatty foods do not alter absorption 
Vardenafil 2.5, 5, 10, 20 4 1 8 Absorption reduced by fatty food 
Avanafil 50, 100, 200 5 0.5 8 Absorption may be affected by fatty food 
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PDE5i family have demonstrable improvement over 
placebo with regards to erectile function.’ć Patients can 
tailor their choice of PDE5i according to the frequency 
of sexual activity and degree of spontaneity they desire, 
as well as the side effect profile they experience. 


Intracavernosal injection (ICI) 

Mechanism of action 

The primary goal of ICI is to achieve an erection 
sufficient for sexual relations that does not last for more 
than 1 hour. Any combination of different concentra- 
tions of prostaglandin E,, papaverine, and/or phentol- 
amine can be ordered from a compounding pharmacy 
so there is no gold standard of ICI dose or concentration. 
Prostaglandin E, functions to increase the conversion of 
ATP to cAMP, while papaverine is a non-specific PDE 
inhibitor that increases the concentration of cGMP. The 
accumulation of both of these metabolites decreases 
intracellular calcium, which causes smooth muscle 
relaxation and subsequent erection. Phentolamine 
inhibits the sympathetic response at the alpha-1 receptor 
level, which also serves to promote smooth muscle 
relaxation (Table 21.2). 


Outcomes 

ICI is a second-line therapy for ED only because of the 
notable anxiety related to injecting the penis with a 
needle. The remarkable efficacy of ICI in men who have 
failed PDE5i suggests that ICI is likely the most effective 
medical approach for treating ED despite its relegation 
to salvage therapy. All of the published ICI studies only 
examine efficacy in men who have failed PDE5i or who 
are also involved in penile rehabilitation trials, so the 
actual primary response rate can only be estimated. 
Further complicating the outcome data is the use of var- 
ious combinations of intracavernosal reagents and a 
wide range of doses. Coombs et al. reviewed outcomes 
of an intracavernosal injection therapy program at 
Memorial Sloan Kettering Cancer Center and demon- 
strated a robust response to ICI.” The vast majority of 
men used a combination of 30 mg/mL papaverine, 
10 pg/mL prostaglandin-E,, and 1 mg/mL phentolamine 
and had failed PDE5i. Of the 1412 patients included, 
89% reported achieving erections that were sufficient 
for intercourse; however, this outcome includes not 
only men who underwent pelvic surgery, but also men 
who underwent radiation treatment or who had organic 
ED from vascular disease such as diabetes. Of note, men 


who experience pain beyond what would normally be 
expected from a needlestick are likely experiencing it 
because of the addition of prostaglandin E, to their drug 
formula (PGE, hypersensitivity); prostaglandin E, 
should be eliminated in these men and replaced with a 


bimixture of papaverine and phentolamine. 


Intraurethral suppository (IUS) 

Prostaglandin E, can be used as an IUS that is absorbed 
across the urethral mucosa and is active within the corporal 
bodies. While a medication that is inserted into the ure- 
thral meatus appears to be more appealing to patients than 
a medication that requires a penile injection, there may be 
significant pain accompanying IU suppositories directly 
associated with degree of nerve injury to the neurovascu- 
lar bundle (NVB) (another example of PGE, hypersensi- 
tivity). In fact, the attrition rate secondary to this pain is 
quite high. In addition, unfortunately IUS effectiveness is 
inconsistent. Of the 40% of men post-RP who do respond 
to this medication, IUS will fail to consistently achieve 
quality erections up to 50% of the times it is used.'® 


Vacuum erection device (VED) 

VEDs rely on negative pressure pulling venous blood 
into the corpora cavernosa and superficial veins, and 
utilize a constriction band at the base of the penis to pre- 
vent venous leakage. This mechanism of action, how- 
ever, results in a cold penis which is often considered 
unsightly because of the engorged veins which occur. In 
addition, the glans has no means of tumescence, so the 
VED has not become overwhelmingly popular as a 
monotherapy despite being inexpensive and relatively 
effective. There has been improvement in patient satis- 
faction when VED has been used in combination with 
another erectogenic aid. In conjunction with PDE5i, 
VEDs increased the number of patients with penetra- 
tion-rigid erections to over 90% compared to 57% on 
PDE5i alone.” 


Penile implant 

Surgical considerations 

Surgical placement of a penile implant (PI) is the final 
solution in the pathway of managing organic erectile 
dysfunction that is non-responsive to medical treatment. 
An important step prior to surgery is the performance of 
a penile doppler ultrasound (DUS). There is a significant 
prevalence of psychogenic ED in men who may initially 
appear to have factors for vascular ED, such as a history 
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of pelvic surgery. There is no role for PI placement in 
men who have normal peak- and end-diastolic veloc- 
ities on duplex Doppler ultrasound, as they are better 
served by optimizing their erectile aid usage in order to 
restore confidence in their erections. 

After verification that the patient has organic ED, 
there are several important considerations. Multiple 
aspects of this procedure are unique to men who have 
undergone or will undergo pelvic surgery. For men who 
have severe ED who are not responsive to maximal 
medical therapy and who are about to undergo RP, for 
example, there are case reports of surgeons staging the 
PI placement by first placing the reservoir, with or 
without the pump, during the RP.” This serves to cir- 
cumvent a blind reservoir placement in the space of 
Retzius at a later date, and the patient is aware that the 
plan is to place the remaining components, the corporal 
cylinders and pump, at a subsequent surgery. This 
option, however, is wrought with significant issues. The 
risk of infection of the reservoir in light of its possible 
exposure to urine or bowel contents during the pelvic 
surgery is hypothetically much greater than if placed at 
a later time. In addition, placing the tubing intrascro- 
tally so that it can be easily accessed and utilized at a 
later date is challenging if the RP is performed via a min- 
imally invasive approach and the pump is not placed 
along with the reservoir. Because the increasing popu- 
larity of ectopic reservoir placement precludes the need 
to always position a reservoir in the space of Retzius, 
there appears to be little advantage to simultaneous 
pelvic surgery and reservoir placement. 

Another unique situation to consider is to have a 
three-piece inflatable implant already in place prior to 
pelvic surgery. In this instance, significant care must be 
taken to not only avoid disruption of the device itself, 
for example by rupture of the reservoir or tubing found 
in the pelvis, but also to avoid any contamination of the 
device.*! No validated preoperative antibiotic regimen 
has been shown to decrease secondary prosthetic infec- 
tion during pelvic surgery; however, the patient would 
likely benefit from preoperative antibiotics similar to 
what is chosen during an initial prosthesis implantation 
to cover for skin, urine, and enteric flora. 

Post-pelvic surgery three-piece inflatable PI placement 
should be 
consideration given to reservoir placement. As men- 


thoughtfully planned with careful 


tioned previously, classical placement of the reservoir in 
the space of Retzius can become complicated due to 


obliteration of this space or by disruption of the perito- 
neum associated with some surgeries, such as cystopros- 
tatectomy or robotic-assisted RP.” These scenarios 
increase the opportunity for erroneous intra-abdominal 
placement of the reservoir, predisposing to adherence to 
and erosion of small bowel loops or a conduit that has 
dropped into the pelvis.”. Preoperative imaging of the 
pelvis can be considered to visualize anatomical rela- 
tionships if the reservoir must be placed in the space of 
Retzius. Ectopic placement refers to positioning the res- 
ervoir anterior to the transversalis fascia.*?” The advent 
of low-profile reservoirs has diminished, but not elimi- 
nated, palpable or visible reservoirs in this new location. 
This possibility is increased in very thin men, and it is 
important to have a discussion preoperatively regarding 
this outcome in order to appropriately manage patient 
expectations.”° 


Outcomes 

Patient satisfaction after placement of a PI generally 
ranges from 75 to 90% as long as recipients have been 
appropriately selected.*”?* The optimal patient has 
clearly exhausted their medical options for return of 
erections, and also has realistic expectations regarding 
the procedure.” Complications specific to implant 
placement include the risk of urethral or corporal perfo- 
ration (up to 11%).*° As mentioned above, men who 
have had peritoneal disruption are not only at increased 
risk of intra-operative complications, but also run the 
risk of delayed injury to adjacent structures secondary 
to erosion. In addition, the risks of infection and device 
failure need to be clearly articulated. The risk of infec- 
tion for an initial implant is expected to be about 1-3% 
for experienced surgeons; however, the risk of infection 
increases for any subsequent implant surgery regardless 
of reason. The most recent iterations of implants have 
proven to be more functionally reliable, but the risk of 
mechanical failure of the device is as high as 43% 15 
years after implant.”* 


Conclusion 


Management of realistic patient expectations regarding 
ED after pelvic surgery is paramount to ensuring patient 
satisfaction. All surgeries within the pelvis have the 
potential to cause ED, and patients need to be informed 
of the risk of ED following surgery as a mandatory 
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component of the informed consent process. There is a 


multitude of treatment options that patients should try 


before resorting to the more invasive insertion of a 


penile implant. 
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Introduction 


Erectile dysfunction (ED) in men with diabetes mellitus 
is common, with a reported prevalence varying from 
35% to 90%.' It can have a profound effect on quality 
of life including erectile function. Diabetes affects 246 
million people worldwide, and this figure is expected to 
rise to 380 million by 2025, with the largest increase in 
incidence in developing countries.’ The majority of men 
with diabetes will suffer with some degree of ED over 
their lifetime and this occurs more frequently compared 
to men without diabetes.’ Erectile dysfunction occurs in 
a large proportion of both type 1 and type 2 diabetic 
men.’ ED can be the initial presentation in 12% of 
patients subsequently diagnosed with diabetes.’ 

ED is a common issue that can cause significnt patient 
distress. It should be addressed early in diabetic men so 
that preventative strategies and early treatments can be 
instigated. Men who are diabetic are thought to develop 
ED 10-15 years earlier than men who do not have 
diabetes. In diabetic men over the age of 50 years, 
increasing duration of diabetes is associated positively 
with increased risk of ED.° The prevalence of ED in dia- 
betic men aged 30-34 years is thought to be as high as 
15%, increasing to 55% by the age of 60 years.’ The 
Massachusetts Male Aging Study noted that diabetics 
have a three-fold increased incidence of ED as com- 
pared with non-diabetics.® 

Advancing age, duration of diabetes, poor glycemic 
control, hypertension, hyperlipidemia, a sedentary 
lifestyle, smoking, and presence of other diabetic 
complications have been shown to be associated with 


diabetic-induced ED. In men with diabetes ED has 
also been shown to be associated with premature 
ejaculation and reduced libido.’ The Olmstead County 
study showed that diabetes was associated with 
diminished sexual drive, ejaculatory function, and 
sexual satisfaction.'° This is important to consider on 
initial assessment and should be addressed appropri- 
ately. Men with diabetes tend to develop ED at an 
earlier age and with a significantly higher prevalence, 
up to 75%.!! The prevalence of men with ED and con- 
comitant diabetes mellitus will continue to increase 
with time.” 


Pathophysiology 


Type 1 diabetes occurs when the body is unable to 
produce adequate amounts of insulin, and the affected 
individual therefore requires insulin replacement 
therapy. It is characterized by loss of the insulin- 
producing beta cells of the islets of Langerhans in the 
pancreas, leading to insulin deficiency." The majority of 
type 1 diabetes is of an immune-mediated nature, in 
which beta cell loss occurs as a result of T-cell-mediated 
autoimmune attack.'* Type 2 diabetes occurs when the 
cells of the body are unable to use insulin properly; it is 
sometimes referred to as non-insulin-dependent 
diabetes mellitus, and may have its onset in adulthood. 
The main problem is that of reduced insulin sensitivity. 
This can be treated with lifestyle modifications in mild 
cases and with medications that increase insulin sensi- 


tivity in more severe forms. 


Male Sexual Dysfunction: A Clinical Guide, First Edition. Edited by Suks Minhas and John Mulhall. 
© 2017 John Wiley & Sons Ltd. Published 2017 by John Wiley & Sons Ltd. 


210 


Management of erectile dysfunction in men with diabetes 211 


The classic signs and symptoms of diabetes develop 
more slowly in type 2 diabetes, and this is important as 
they can be easily missed resulting in the disease going 
undetected for some time. This may explain the fact that 
the prevalence of ED is higher in men with type 2 
diabetes compared with men with type 1.4 This has 
significant consequences as undetected and untreated 
disease can result in irreversible damage to the body, 
making it more difficult to treat ED when it arises. 
Untreated diabetes can affect the majority of body 
systems, with the cardiovascular system and kidneys 
being particularly affected. Diabetes doubles the risk of 
cardiovascular disease.'® Early adequate treatment of 
this condition is essential in order to prevent progressive 
morbidity including ED. 

The pathophysiology of ED in diabetes is complex and 
different to non-diabetic ED. It is multifactorial, 
involving endothelial and neuronal dysfunction, and is 
more severe and more resistant to treatment compared 
with non-diabetic ED.' There are many proposed mech- 
anisms of ED in diabetics, which include: 

e elevated advanced glycation end-products; 

e increased levels of oxygen free radicals; 

e impaired nitric oxide (NO) synthesis; 

e decreased and impaired cyclic guanosine monophos- 
phate (CGMP) dependent kinase-1 (PKG-1); 

e increased endothelin B receptor binding sites; 

e ultrastructural changes; 

e upregulated RhoA/Rho kinase pathway; and 

e NO-dependent selective nitrergic nerve degeneration. 

These mechanisms may interact with one another, 

further compounding the negative effects on erectile 

function. Studies have shown impaired smooth muscle 

relaxation in the corpus cavernosum and ED in diabetic 

rat penises.'*?? 

Diabetes affects the arterial blood vessels as a result 
of the development of atherosclerosis, and damages the 
capillaries supplying the penis causing microangiopa- 
thy.** This results in reduced blood flow to the penis 
during the tumescent phase resulting in decreased 
erection quality. Diabetes has also been shown to 
impair neurogenic and endothelium-mediated relaxa- 
tion of penile smooth muscle.” This further affects 
erection quality as smooth muscle relaxation is a vital 
component of the erection mechanism. Diabetic 
neuropathy also significantly contributes to ED and has 
been shown to be one of the major factors in its 
pathogenesis.*° 


All of these pathogenic processes combined result in a 
significant detrimental effect on erectile function in 
diabetic patients, which can be difficult to treat and may 
be resistant to initial therapy. 


Assessment and investigation 


Diabetic patients with ED can be challenging to treat. 
A full medical history is necessary in the assesssment and 
treatment of ED in this group. Good glycemic control is 
essential in order to limit further damage and has been 
shown to correlate with ED.” This can be assessed by 
checking the serum HbA1c, which is a marker of good 
diabetic control.”* Lifestyle factors such as diet, exercise, 
weight, smoking, and alcohol need to be discussed and 
counseled appropriately. Patient education plays an 
important role here and is vital for success of treatment. 

Hormonal causes can be assessed by performing early 
morning determinations of serum testosterone, follicle- 
stimulating hormone, and luteinizing hormone levels to 
investigate problems with the hormonal axis. Screening 
for hypercholesterolemia and hypertension should be 
carried out if not already done. If present these need to 
be addressed and treated appropriately in order to halt 
progression and further damage. To treat these comor- 
bidities consideration should be given to choosing the 
medication with the least adverse impact on erectile 
function. Baseline renal function and full blood count 
should also be carried out. 

Examination of the patient is important, especially 
taking note of body habitus, waist circumference, and 
body mass index. These can be useful indicators of life- 
style, and can be used for assessing progress during 
follow-up of patients. Blood pressure measurement is 
important in order to investigate coexisting hypertension 
or ischemic heart disease. Neurological assessment and 
examination of external genitalia are also important . 

Baseline erectile function should be assessed using 
the International Index of Erectile Function (IEF) 5 val- 
idated assessment tool (Figure 22.1).*? This is important 
as it can be used to quantify the severity of ED in order 
to help to direct treatment appropriately. It can also be 
used to objectively measure any response to treatment. 
It is important to enquire at initial assessment about any 
other associated conditions such as retrograde ejacula- 
tion or premature ejaculation, as these have been 
shown to be associsted with diabetes.” If these 
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Over the past 6 months: 


1. How do you rate 

your confidence that you 
could get and keep an 1 
erection? 


Very low 


A few 
times 


Almost never 
or never 


2. When you had erections 
with sexual stimulation, 
how often were your 
erections hard enough 

for penetration? 


2 


A few 
times 


3. During sexual Almost never 
intercourse, how often were of never 
you able to maintain your 

erection after you had 

penetrated your partner? 


Extremely 
difficult 


4. During sexual 
intercourse, how difficult 
was it to maintain your 
erection to completion of 
intercourse? 


Very 


A few 
times 


Almost never 
or never 


5. When you attempted 
sexual intercourse, how 
often was it satisfactory 
for you? 


2 


(much less 
than half 
the time) 


(much less 
than half 
the time) 


difficult 


(much less 
than half 
the time) 


Moderate High Very high 


3 4 5 


Sometimes Most times Almost always 


or always 


(about half 
the time) 


(much more 
than half 
the time) 


4 


Sometimes Most times Almost always 


or always 


(About half 
the time) 


(much more 
than half 
the time) 


Difficult Slightly Not difficult 


difficult 


Most times Almost always 
or always 


Sometimes 


(About half 
the time) 


(much more 
than half 
the time) 


4 


Figure 22.1 The International Index of Erectile Function 5 (IIEF-5) assessment tool. Source: Feldman et al. (1994).* Reproduced 


with permission of Elsevier. 


conditions are present, they will also need to be 
addressed and treated appropriately, and they too can 
have a significant effect on quality of life in this group of 
patients. It is also important to enquire about peripheral 
neuropathy and numbness as this can affect sensation 
and sexual function, although this is quite rare. 
Psychological causes of ED are extremely important 
and may commonly coexist with organic ED. This can 
sometimes be elicited in the medical and social 
history — for instance, if there has been a change in 
personal circumstance or partner, or history of recent 
stress. It is important to enquire about these factors. It 
may be useful to see patients with their partners if 
possible. If necessary, psychosexual counseling should 
always be offered. If it is difficult to elicit a psychogenic 


cause from patient history, nocturnal penile tumescence 
testing may be a useful adjunct in order to demonstrate 
erectile function objectively, although this is rarely 
needed in diabetic patients.*! Doppler ultrasound 
scanning of the penis has a useful role in cases where 
there is a poor response to initial treatment and can be 


used to delineate vascular causes of ED if suspected.” 


Treatment 


Diabetes mellitus is a chronic condition for which there 
is no cure. The aim of management is to keep blood 
glucose levels as close to the normal range as possible 
and minimize the risk of complications. ED is associated 


Management of erectile dysfunction in men with diabetes 213 


with a reduction in quality of life so appropriate 
treatment is important.” Patient education and aware- 
ness regarding their diabetes is important as diabetic 
complications are much less common and less severe in 
patients with well-controlled blood glucose levels.*4 
With regards to treatment of the ED there are several 
options, which are decribed below. 


Lifestyle 

The first stage of the treatment of ED in diabetes is to 
address any adverse lifestyle factors. This is especially 
important in patients with type 2 diabetes where obesity, 
lack of physical activity, and poor diet have been impli- 
cated.** There is evidence that changing these factors can 
result in an improvement in erectile function in men at 
risk.***” Support should be offered to patients with regard 
to dietary advice and exercise programs. ED has been 
shown to be a predictor for future cardiovascular events.** 
It can therefore be used as a marker to screen for silent 
coronary artery disease. Patient education regarding their 
condition and its management is essential. In patients with 
a high body mass index, dietary support and weight loss 
are important. Psychological support is also important, 
and counseling can often be a useful adjunct (Figure 22.2). 


Phosphodiesterase-5 inhibitors 

The management of ED in men with diabetes was revo- 
lutionized in 1999 with the introduction of phosphodi- 
esterase-5 (PDE5) inhibitors, with good results.” 


Patient with Erectile 
Dysfunction 


Medical and Psychosexual History including IIEF 


Identify common causes of ED 
Identify reversible risk factors for ED 
Assess psychosocial status 


FOCUSED PHYSICAL EXAMINATION 
Penile deformities 
Prostatic disease 
Signs of hypogonadism 
Cardiovascular—Neurologic status 


LABORATORY TESTS 
Glucose and Lipid profile 
Total testosterone (morning sample) 


Figure 22.2 Investigation of the diabetic patient with erectile 
dysfunction (ED). 


After conservative measures, PDE5 inhibitors are the 
first-line medical therapy and are safe and effective in 
many diabetics. These agents have been demonstrated 
to have a beneficial effect and have not been shown to 
have adverse effects on cardiovascular morbidity or 
mortality or on glycemic control in men with diabetes.” 
They work by inhibiting the degradation of cGMP by the 
phosphodiesterase type 5 enzyme. cGMP is essential for 
smooth muscle relaxation in blood vessels supplying the 
corpora cavernosa, resulting in increased blood flow 
and erection. PDE5 inhibitors have been shown to 
improve erectile function scores, penetration, and 
maintenance of erection, resulting in more successful 
intercourse.“ Their effects are greater at higher doses, 
so titration of dose is recommended in order to achieve 
satisfactory results with minimal side effects. The phar- 
macokinetic data for three commonly used PDE5 inhib- 
itors are shown in Table 22.1. 

The three PDE5 inhibitors available for the treatment 
of ED in the UK are sildenafil, tadalafil, and vardenafil. 
Sildenafil and vardenafil are shorter-acting agents, 
while tadalafil has a longer half-life, which may provide 
the user with greater flexibility in sexual activity. 
Common adverse effects include headache, nasal con- 
gestion, and dyspepsia, all actions related to inhibition 
of PDE5. Tadalafil can also cause backache and muscle 
aches. The drugs are generally well tolerated and with- 
drawal rates as a result of drug-related adverse effects 
were rare in clinical trials.“ The use of PDE5 inhibitors 
in the presence of oral nitrates is absolutely contraindi- 
cated. They are also contraindicated in men in whom 
sexual intercourse is inadvisable due to cardiovascular 
risk factors. PDE5 inhibitors can be used with caution 
alongside alpha-blockers for lower urinary tract symp- 
toms, but the patient needs to be warned about the risk 
of hypotensive episodes. 

An early study looking at the treatment with silde- 
nafil of ED in diabetic patients showed significant 
improvement in erectile function and IEF scores, with 
61% of men treated with sildenafil being able to achieve 
penetrative intercourse.” Good results were also shown 
for tadalafil and vardenafil.*°*” A large placebo- 
controlled trial showed tadalafil to be effective in 
improving erectile function in men with diabetes.** This 
was confirmed by a meta-analysis of 12 studies carried 
out by Fonseca et al., which also showed that adverse 
effects were similar in diabetic patients compared with 
non-diabetic men.” 
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Table 22.1 Pharmacokinetic data for sildenafil, tadalafil, and vardenafil. 


Maximum 
concentration (ug/L) 


Time to maximum 
concentration (hours) 


Half-life (hours) Bioavailability 


Sildenafil 100 mg 560 
Tadafil 20 mg 378 
18.7 


Vardenafil 20 mg 


The different PDE5 inhibitors all have similar mecha- 
nisms of action but with slightly different side effect 
profiles and durations of action. Patients should be 
counseled appropriately with regard to use and side 
effects of the PDE5 inhibitors. Tadalafil has been licensed 
for a once-daily dose, which may be more effective than 
on-demand therapy in some patients, and has been 
shown to be efficacious in a large, double-blinded, 
randomized, controlled trial. Daily dosing has also 
been shown to be efficacious in diabetic men.*’ A meta- 
analysis by Shabsigh et al. looking at once-daily tadalafil 
use in men unable to achieve intercourse showed suc- 
cess rates of up to 46%.” This dosing regime can be a 
useful alternative for use in diabetic patients who do not 
respond to on-demand therapy initially. 


Intraurethral suppositories 

Alprostadil can be administered via intraurethral sup- 
pository (MUSE®).” This consists of a single-use pellet 
containing alprostadil suspended in polyethylene glycol 
administered using an applicator. The urethra is then 
gently massaged in order to dissolve the medication to 
allow absorption. It is then transported to the corpus 
cavernosum, where it causes vasodilation and relaxes 
smooth muscle. Studies have shown that intraurethral 
alprostadil has a fast onset of effect and a good safety 
profile, with no occurrences of priapism, fibrosis (as 
seen with intracavernosal injection), or the typical 
systemic effects observed with oral ED pharmacological 
treatments.’ High patient preference, acceptance rates, 
and quality of life have been reported due to its ease of 
administration.** Evidence has shown that combination 
treatment with PDE5 inhibitors may be a possible effi- 
cient alternative when single oral or local treatment has 
failed." Intraurethral alprostadil can be administered in 
patients irrespective of ED origin and is a good option in 
patients with ED for whom therapy with PDE5 inhibi- 
tors has failed or is contraindicated. Intraurethral 
alprostadil is contraindicated in patients who are predis- 
posed to prolonged erection, such as with sickle-cell 


0.8-1 2.6-3.7 41% 
2 17.5 N/A 
0.9 3.9 15% 


anemia, myeloma, and leukemia, as well as in men with 
urethral strictures, severe hypospadias, severe penile 
curvature, balanitis, and urethritis, and in men for 
whom sexual intercourse is medically inadvisable. 


Intracavernosal injection 

Injectable agents for ED include papaverine, phentol- 
amine, and prostaglandin E, (PGE,). They can be used 
alone or in combination. Papaverine is a non-specific 
PDE inhibitor that results in increased levels of cyclic 
adenosine monophosphate (cAMP) and/or cGMP, inhi- 
bition of calcium channels, and angiotensin-II secre- 
tion.*® This results in vasodilation of penile vasculature 
and smooth muscle relaxation with erection. 
Phentolamine is a competitive antagonist of «1 and a2 
adrenoreceptors. Antagonism of the a1 receptors results 
in vasodilation of the penile vasculature, whereas antag- 
onism of the presynaptic «2 receptors is hypothesized to 
result in decreased intracorporal norepinephrine (nor- 
adrenaline) resulting in tumescence.”” 

Alprostadil is the most commonly used agent. It is a 
synthetic vasodilator, chemically identical to the natu- 
rally occurring PGE,, which stimulates adenylate cyclase 
thereby increasing the level of cAMP, resulting in 
smooth muscle relaxation, vasodilation, and inhibition 
of platelet aggregation.’ The vasodilation in the penis 
results in erection. It has been shown to have a unique 
role in treating ED in diabetic patients.” A large multi- 
center study analysing 336 men with type 1 and 2 
diabetes demonstrated a satisfactory erectile response 
after 99% of injections with good tolerability. 

Intracavernosal injection is usually done via a small 
needle into the corpora of the penis. Patients are advised 
to alternate injection sites in order to reduce the risk of 
fibrosis and bruising. Patients and/or their partners are 
taught how to administer the injection. Side effects 
include prolonged (priapism), 
bleeding, and localized pain. One of the main problems 


erection bruising, 


with intracavernosal injection is the high dropout rate, 


with studies showing that 46-76% of patients 


Management of erectile dysfunction in men with diabetes 215 


discontinue its use due to various reasons, such as lack 
of efficacy, occurrence of side effects, and the require- 
ment for injection of the penis, which some patients 
find unacceptable.*'* It has been shown that diabetics 
have an increased incidence of penile fibrosis, possibly 
owing to their microangiopathic disease and increased 
propensity for fibrosis.© 


Vacuum devices 

An alternative option for the treatment of ED in diabetic 
patients is the vacuum pump, which works well 
although patient satisfaction varies. It consists of a 
plastic cylinder with a pumping mechanism attached. 
The flaccid penis is placed inside the cylinder with the 
base of the cylinder placed firmly against the pubic 
region creating a tight seal. The pump is used to create 
negative pressure, which results in blood being drawn 
into the corpora of the penis resulting in engorgement 
of the penis and erection. A tight rubber ring is then 
placed around the base of the penis to trap the blood in 
the penis and maintain the erection. The cylinder and 
pump can then be removed. Vacuum devices can be 
used alongside PDE5 inhibitors and intracavernosal 
injection if necessary (Figure 22.3). 

The main complaints are lack of spontaneity, localized 
bruising, and having a cold penis.“ There can also be 
buckling of the penis and localized pain at the point 
where the constriction ring is applied. It is important that 
the patient is counseled regarding use of the device and 
warned not to leave the ring on for a prolonged period. 
There are no specific contraindications to using the 
vacuum pump but caution should be taken in patients 
using blood thinning medication. More than 70% of dia- 
betic men achieve satisfactory erections; however, up to 
30% of patients discontinue use as the result of 


Figure 22.3 Photo of vacuum device with different sized 
cylinders and constriction rings. 


inadequate rigidity, penile pain, failure to ejaculate, and 
appearance of the penis while using the device.” 


Penile prostheses 

Considerable advances have been made in the field of 
penile prostheses for ED. They provide a good option for 
diabetic patients who have failed with oral and inject- 
able therapies or who are unwilling to use these or 
vacuum devices. They also have a role in patients who 
have coexisiting Peyronie’s disease as this can be 
addressed simultaneously at the time of implant surgery. 
They are an excellent option for patients in whom the 
erectile mechanism is irreversibily damaged.® There are 
two main types of penile prostheses, inflatable and mal- 
leable. Inflatable prostheses consist of two cylinders that 
are implanted within the corpora, and are attached to a 
reservoir containing fluid and a pump mechanism. This 
allows fluid to be pumped into the cylinders to produce 
an erection, which can be deflated when not required. 
This allows the patient to achieve both an erection state 
and flaccidity. The malleable prostheses consist of two 
semi-rigid rods that are implanted into the corpora in 
order to make the penis rigid. The disadvantage of this is 
that the patient has a permanent erection and conceal- 
ment may be an issue. A large study of 504 procedures 
using both inflatable and malleable devices showed high 
satisfaction rates of 81%, with dissatisfaction being 
largely due to complications resulting in removal of the 
prosthesis.°’ The main complications in this study were 
infection (8%) and erosion (5%), both of which were 
more common in diabetic patients (10%). Another large 
study also showed patient and partner satisfaction rates 
of 86.4% and 52.6% respectively (Figure 22.4).° 


Patient with Erectile 
Dysfunction 


Identify and treat reversible causes of ED 
Lifestyle changes and risk factor modification 
Provide education and counselling to patients and partners 


Discuss needs and expectations 


PDES Inhibitors 
Intracavernosal injections 
Intraurethral alprostadil 
Vacuum devises 


Assess response to treatment and patient satisfaction 
If adequate response discuss combination therapy or 
penile prosthesis 


Figure 22.4 Treatment algorithm for erectile dysfunction (ED). 
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Infection 

Infections can be more common and severe in diabetic 
patients. This is especially important to consider in 
patients who are having penile prostheses. They are 
thought to be at higher risk of infection at the time of 
surgery. Studies have documented a 2-10% incidence 
of penile prosthetic infection in diabetics, but there was 
no significant difference between diabetics and non- 
diabetics.°””° Each patient should be assessed on an 
individual basis, and full precautions should be taken in 
order to reduce the risk of infection in these cases. If 
infection does occur this can be catastrophic, and the 
implant inevitably needs to be removed in order for the 
infection to resolve. This can cause considerable distress 
to patients as well as the need for further surgery and 
the risks to health associated with infection and sepsis. 
A large study looking at 1511 patients who had the “no 
touch” technique of penile implant surgery reported 
infections in only 0.46% of patients.” This study also 
showed that infection-retardant coatings lowered the 
risk of infection from 5.3% to 2%. 


Future treatments 
The treatment of ED is an ever advancing field with 
improvements in both devices and medications. Research 
is ongoing looking at the various underlying mecha- 
nisms involved in diabetic ED, including the field of gene 
therapy. Areas of interest include gene therapy with 
neurotrophic factors, endothelial nitric oxide synthase 
(eNOS), neuronal NOS (nNOS), and superoxide dis- 
mutase.” A new class of agents called soluble guanylate 
cyclase stimulators like BAY 41-2272 have been shown 
to induce erections and smooth muscle relaxation when 
there is a lack of NO and also in diabetics.” There is also 
research investigating the role of Rho kinase inhibitors in 
the relaxation of cavernosal tissue of diabetic patients.” 
This could provide further insight to the mechanism of 
ED in diabetics and help to guide future therapy. 
Research has also been focused on the use of NO- 
releasing PDE5 inhibitors in patients with severe defi- 
ciency of endogenous NO, such as long-term diabetes, 
showing its potential use in NO-deficient conditions.” 

Patient education plays an important role, and 
increased awareness and screening programs for diabetes 
should result in earlier diagnosis and treatment, thus 
preventing the associated comorbidities. 

The field of penile prostheses is ever advancing, with 
new technologies looking at mechanized methods for 


cylinder inflation that would eliminate the need for the 
scrotal pump, which some patients find difficult to use. 
This could also serve to more closely mimic the natural 
course of tumescence and detumescence. Research is 
also being carried out looking at rechargeable motorized 
pumps and incorporation of the battery, controls, and 
fluid transfer system within the corporal implants, obvi- 
ating the need for connecting of components during 
surgery.®’ This could also result in lower infection rates 
and lower incidence of mechanical failure. Emerging 
advances in the field of nanotechnology could result in 
materials that would be useful in prosthetic design in 
that they demonstrate both rigidity and volume expan- 
sion properties.” The ideal prosthesis would have no 
moving parts and be constructed from material that 
obtained rigidity from application of heat, pressure, or 
electric charge. 


Conclusion 


Erectile dysfunction occurs commonly in diabetic 
patients and is often under-diagnosed. It can have a 
significant effect on a patient’s quality of life and is 
easily treatable. The underlying pathophysiology is 
extremely complex and is still not fully understood. 
A holistic approach is needed in the management of 
diabetic ED, taking into account lifestyle factors and 
psychological comorbidities. A variety of treatments 
exist varying from medical to surgical therapies, which 
have been shown to work well in this patient group 
depending on the severity of disease. Patient education 
remains a priority in both prevention and treatment of 
this condition. 
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Sexual functions comprise an important facet of human 
behavior.’ In health, achieving an erection is dependent 
upon a complex interplay between vascular, neurological, 
and hormonal factors. Intact peripheral innervation 
through sympathetic and parasympathetic fibers derived 
from the hypogastric and pelvic plexuses conveys signals 
responsible for the neurological control of the erectile 
response. Reflex erections are mediated by sacral seg- 
mental pathways and result from genital stimulation. 
The reflex erection is short lived and usually inadequate 
for penetrative intercourse. Psychogenic erections origi- 
nate from cortical and subcortical centers and are medi- 
ated through the thoracolumbar sympathetic outflow. 
In health, these two merge together resulting in an 
erectile response sufficient for penetration.* 
Neurological lesions affecting both the peripheral and 
central nervous system can result in erectile dysfunction 
(ED). It has been estimated that 10-19% of cases of 
ED are from a neurogenic origin. However, sexual 
dysfunction (SD) in neurological disorders is under- 
reported.” In a survey of over 2000 patients with 
multiple sclerosis (MS) from New South Wales, 
Australia, only 55% of men had been able to speak to 
their health professional about sexual difficulties, and 
only 29% received help." Seventy percent of respon- 
dents of a large survey of MS patients reported sexual 
problems, with 42% grading this as of moderate or high 
concern, and only 33% reported improvement with 
disease-specific therapy.’ Clearly, sexual dysfunction 


including ED is common following neurological 


disorders and affects quality of life, but is underdiag- 
nosed and undertreated. 

The problem of SD (and ED) in neurological disease 
is multidimensional, with contributions from multiple 
factors. For example, in MS the demyelinating lesion 
affecting the neural pathways controlling sexual 
functions can result in ED (primary factors). Neurological 
deficits resulting from the disease can contribute to 
sexual dysfunction (secondary factors). Spasticity can 
result in difficulty in assuming positions conducive to 
intimacy and sexual intercourse. Finally, factors such as 
anxiety, depression, and guilt resulting from having a 
neurological disorder can affect the relationship and 
have an impact on sexual activity (tertiary factors)*!*! 
(Table 23.1). Additionally, medications used in the 
management of symptoms resulting from neurological 
disease can affect sexual functions; examples are antide- 
pressants, baclofen, and gabapentin” (Table 23.2). 


Neurological disorders and 
sexual dysfunction 


Primary brain tumors 

ED is common following brain tumors. ED resulting 
from tumors of the hypothalamic and pituitary area 
may arise due to hormonal or neurological dysfunction, 
or both. However, a cross-sectional study in 1997 found 
that 47% of adult long-term survivors of primary brain 
tumors outside the hypothalamic-pituitary region also 


Male Sexual Dysfunction: A Clinical Guide, First Edition. Edited by Suks Minhas and John Mulhall. 
© 2017 John Wiley & Sons Ltd. Published 2017 by John Wiley & Sons Ltd. 


220 


Management of erectile dysfunction in neurological patients 221 


suffered from ED, probably due to radiation therapy 
or chemotherapy. Forty-two percent of the patients 
showed either evidence for hypothalamic hypogonad- 
ism (32%) or primary gonadal damage (10%). Nine 
patients (29%) presented with hyperprolactinemia. 
Patients reporting ED had significantly lower testosterone 
levels than patients with normal erectile functions.”° 


Table 23.1 The multidimensional nature of sexual dysfunction 
following neurological disease. Adapted from (6) 


Dimensions Factors influencing sexual functions 
Primary Neurological lesion resulting in 
impaired sexual functions 
Secondary Physical immobility 
Spasticity 
Tremor 
Bladder/bowel incontinence 
Difficulties in attention and 
concentration 
Fatigue 
Sensory symptoms — dysesthesia/ 
allodynia 
Tertiary Depression, anxiety 


Anger, guilt, and fear 

Altered self-image, low self-esteem 
Relationship with the partner, change 
in family role 

Use of urethral indwelling catheter 


Source: Bronner et al. 2010.° Reproduced with permission of John 
Wiley & Sons, Ltd. 


Traumatic brain injury (TBI) 

Injury to limbic structures and frontal lobes may impact 
sexual functions. Erectile function was related to the 
location and severity of injury. Erectile function was 
related to the location and severity of injury.?! Kreuter 
et al. demonstrated that after severe brain injury 26% 
of men and women discontinued sex with their part- 
ners, with erectile and ejaculatory dysfunction as most 
common cause.”* Significant sexual changes are experi- 
enced by more than 50% of TBI individuals up to 5 
years post-injury.?! Additionally, hormonal changes 
may occur after hypothalamic or pituitary injury and 
therefore a full endocrine evaluation is sometimes 
necessary.” 


Stroke 

A majority of stroke patients report a marked decline in 
sexual functions, that is, libido, coital frequency, erectile 
and orgasmic ability. The observed decline in sexual 
functions appears to be multifactorial in nature.” An 
association has been observed between left hemispheric 
lesions with post-stroke SD.” In a study performed by 
Jeon and colleagues, ED was more prevalent in patients 
with vascular risk factors, specifically diabetes, and with 
thalamic stroke.” Concern about possible blood pressure 
changes that may occur related to sexual activity may 
have an impact on intimacy. Moreover, antihyperten- 
sive agents commonly used by stroke patients, such as 
beta blockers, may result in diminished cavernosal 
artery pressures and erectile dysfunction.” 


Table 23.2 Medications used in the management of neurological symptoms may contribute to sexual dysfunction. Adapted 


from (17) 
Neurological symptom Medication Adverse effects on sexual functions 
Spasticity Baclofen ED, inability to ejaculate (rare) 
Dantrolene Decreased libido, ED, retrograde ejaculation 
Fatigue Amantadine Decreased libido 
Amphetamine, dextroamphetamine ED, changes in libido (dose dependent) 
Pain Tricyclic antidepressants ED, ejaculatory impairment, anorgasmia, decreased libido 
Valproic acid ED 
Carbamazepine ED 
Lamotrigine ED 
Duloxetine Decreased libido, ED, ejaculation dysfunction and anorgasmia 
Depression SSRIs Decreased libido, anorgasmia, delayed ejaculation 
Venlafaxine ED, anorgasmia 


ED, erectile dysfunction; SSRI, selective serotonin reuptake inhibitor. 
Source: Fletcher et al. (2009). Reproduced with permission of Elsevier. 
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However with time, erectile functions may improve. 
In a group of men under 65 years, 82% spontaneously 
regained erectile function within approximately 7 weeks 
following the stroke.?’ 


Migraine and tension type headache 

Sexual dysfunction is often reported in patients with 
headache. Social life is affected in both headache 
types, due to sensitivity to stress factors, degradation 
in quality of life, and workforce loss in communities. 
Published literature indicates that depression and 
other psychiatric disorders (both known to be associ- 
ated with SD) often accompany both types of head- 
ache. It is possible that chronic pain activates a 
common set of processes such as deregulation in dopa- 
mine pathways, and an increase in the amount of 
serotonin (5-HT), which may lead to SD. ED is usually 
reported in a group of patients with migraine. However, 
in a study done by Houle and colleagues, SD was more 
prevalent in patients with tension type headache com- 
pared to a group with migraine.” Another study found 
SD statistically more often in both groups compared to 
controls, but did not find any difference between the 
groups.*° 


Epilepsy and antiepileptic drugs 

ED and premature ejaculation were described in 70.4% 
and 66.7%, respectively, of patients with epilepsy. 
A descriptive study evaluating sexual and reproductive 
health in a group of men with generalized epilepsy, by 
means of interviews and determination of serum hor- 
mone concentrations, demonstrated a five-fold increase 
of ED among this group of patients.*!” 

Studies have shown that epileptiform discharges 
may disrupt the function of structures mediating 
sexual behavior, particularly the limbic cortex, or alter 
the release of hypothalamic-pituitary hormones. 
Assessment of the physiologic integrity of the sexual 
response in men with epilepsy and ED using an 
ambulatory nocturnal penile tumescence and rigidity 
monitor (NPTR) has shown an abnormal pattern to be 
associated with neurogenic rather than vasogenic ED. 
Although, temporal lobe epilepsy can present with 
hypersexuality and genital automatisms,*’ patients 
usually present with SD. Hamed et al. demonstrated a 
notably higher frequency of SD in men with general- 
ized tonic-clonic convulsions. Studies have shown that 
the SD is more common in partial (particularly 
temporal) lobe epilepsy, as the limbic system is 


extensively interconnected with the hypothalamic 
nuclei involved in regulating gonadal function.*! De 
Souza and colleagues reported that low desire was 
strongly linked to the temporal lobe origin of seizures, 
but more so to anxiety and depression, and loss of self- 
esteem.** A postoperative sexual change is significantly 
more likely to be reported by patients who had under- 
gone temporal lobe resection (64%) than extra- 
temporal lobe resection (25%). This was significantly 
more frequent following right-sided temporal lobe 
resections, and more frequently reported in females 
than males.” Antiepileptic drugs are known to be 
associated with ED. Most cases were related to the use 
of traditional liver enzyme inducing antiepileptic drugs 
(AEDs) such as phenytoin, phenobarbitone, primi- 
done, and carbamazepine.**** AEDs induce the hepatic 
microsomal enzyme P450, which may in turn result in 
increased metabolism of sexual hormones. AEDs may 
also induce the synthesis of sex hormone-binding 
globulin resulting in reduced free and bioactive testos- 
terone levels. 

Among the newer AEDs, topiramate (TPM), which is 
effective in managing partial and generalized epilepsy, is 
associated with ED and this is related to the cumulative 
dosage. There is a description in the literature of one 
patient with partial epilepsy associated with oligoastro- 
cytoma in whom reversible ED developed 1 month after 
starting therapy with zonisamide (ZNS), and which dis- 
appeared when the drug was suspended.” In 2012 
Civardi and colleagues proposed a vasogenic mecha- 
nism as a possible cause for changes in reproductive 
hormone levels.*° It is speculated that ED induced by 
TPM may be due to a blockade of the lumbosacral spinal 
cord AMPA receptors leading to an inhibition of the glu- 
tamatergic pathway. The role of serotonin in ED has 
been noted.” 


Parkinson’s disease 
Parkinson's disease (PD) is a movement disorder associ- 
ated with the degeneration of dopaminergic neurons in 
the substantia nigra. Though the commonest manifes- 
tations are motor disabilities resulting in slowness and 
falls, non-motor symptoms such as neuropsychiatric, 
sleep, sensory, and autonomic symptoms are recog- 
nized as being prominent complaints impacting quality 
of life.4243 

Dopaminergic mechanisms contribute to sexual desire 
and induction of penile erections.” In animal studies 
the medial preoptic area (MPO) of the hypothalamus 
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has been shown to regulate sexual drive.“* Nigral 
dopaminergic neurons send MPO projections, and 
patients with PD have changes in the hypothalamus.‘ 
Hyperprolactinemia, which was found in untreated 
patients with PD, may also contribute to ED.” 

The prevalence of sexual symptoms in patients with PD 
ranges from 37% to 65%,” and this finding is common 
in both genders. Men with PD usually report sexual dis- 
satisfaction in 65% of cases and ED in 68% of cases.*° 

Sakakibara et al. reported the prevalence of sexual 
symptoms in patients with PD ranging from 37% to 
65%. ED was reported in 79%.*” Wullner et al. reported 
ED in 50%, and Zesiewicz in 60.7% of men with PD.**”” 
In a study of 29 patients, 19 (65.5%) had difficulty in 
both achieving and maintaining erections and one 
(3.5%) had difficulty in maintaining erections. All four 
patients who had ejaculatory disturbance also had ED. 
Decreased sexual drive was described in two (4%) of the 
PD patients and in 6.25% of controls.” 

Sexual dysfunction increases with age, but not with 
disability as measured by the Hoehn and Yahr stage. 
The prevalence of dissatisfaction with sexual conditions 
did not differ between the controls and patients with 
PD despite there being greater SD in the patients with 
PD.* Symptoms of ED lead to deterioration of the 
quality of life.*° 

Another problem of sexual functions reported in PD is 
hypersexuality as part of an impulse control disorder 
(ICD), seen in 13.6% of patients and found to be more 
common in patients treated with dopamine agonists. In 
the DOMINION study, compulsive sexual behavior was 
found in 3.5% of patients, as the second most common 
ICD, after pathological gambling.”'! Though this is not 
directly linked with ED, men with hypersexuality 
often have ED, and the combined problem can result in 
considerable distress for the partner. 


Multiple system atrophy 

There are several mimics of PD, and multiple system 
atrophy (MSA) is a Parkinson-plus disorder where uro- 
genital dysfunction is often the first manifestation. ED is 
a widespread symptom often associated with bladder 
dysfunction. It is thought that in MSA, ED precedes the 
onset of other symptoms (including bladder dysfunction) 
by several years and can appear as early as 5-10 years 
before other clinical symptoms.**? The underlying pro- 
cess is usually centrally originating and possibly dopa- 
mine dependent, since it occurs separately from postural 
hypotension.” 


Postural hypotension in men is exacerbated by silde- 
nafil, and when prescribing for these patients, especially 
with the shorter-acting type 5 phosphodiesterase inhib- 
itor (PDE5I), caution should be exercised.™* 


Multiple sclerosis 

Multiple sclerosis (MS) is an inflammatory disorder of 
the central nervous system that results in demyelinating 
lesions in the white matter of the brain and spinal 
cord.'°!" >>>? It generally affects active young adults.”!*8 
The estimated prevalence of SD in MS is between 50 
and 90%.'* Zorzon et al. in 2001 demonstrated that SD 
affects 73.1% of subjects affected by all types of 
MS.®!®!15° Several papers report an ED incidence of 
50% to 90% in men with MS.**°*?*! 

Men may report complete loss of erections; however, 
more commonly, ED is often partial. Men may con- 
tinue to report spontaneous erections at night, and with 
masturbation, especially in the early stages. SD has been 
correlated with lesions on MRI, Kurtzke’s Expanded 
Disability Status Scale (EDSS), and depression.®**%*” 
Identifying and treating ED can result in improvement 
of the quality of life (QoL) for men with MS.° °° 

In most cases, ED appears during the course of the 
disease, a median of 8 years (range 1-30 years) after 
presentation of initial neurological symptoms.” Rarely, 
ED may arise early in the course; in 5.6 % of cases, ED 
preceded other neurological symptoms, whilst in 3.7 % 
of cases ED developed at the same time as other neuro- 
logical symptoms.*” 

Erectile and neurogenic bladder dysfunctions are the 
result of spinal cord involvement, and one study also 
implicated the pons.*!’°7! ED is associated with lower 
limb findings of pyramidal tract dysfunction and a neu- 
rogenic bladder.” 


Spinal cord injury 

Early studies of war veterans showed that, depending 
on the site of the injury, patients will have preserved 
either psychogenic or reflex erections, while ejaculation 
is exceptional. Patients with complete lesions above T10 
have preserved reflex erections. In men who have 
sustained injury to the lower lumbar spine (without 
extensive damage to the sacral roots), psychogenic erec- 
tions may be more readily induced than erection follow- 
ing genital stimulation. Men with a complete lesion 
below S2 may have psychogenic erections but no reflex 
erections, but damage to the cauda equina results in 
almost complete loss of erectile responses.* 
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In one study, about 38% of men with apparently 
complete lesions reported the ability to experience 
orgasm.” After complete spinal cord injury only 4% of 
men with high lesions and 18% of men with lower 
lesions of the conus and equina are able to ejaculate. 
Poor sperm quality after spinal cord injury is a further 
confounding factor.” 

Following cauda equina injury, genital sensations are 
impaired, and these recover poorly. The result of 
impaired genital sensation and ED is orgasmic 
dysfunction, which was in fact the most common 
reported SD in men with cauda equina syndrome.*” 

In one published study out of 36 mostly ambulant 
men with longstanding cauda equina damage of various 
causes, 35 reported SD, which was moderate or severe 
in 59%.” 


Polyneuropathy 
Various polyneuropathies present with ED. Peripheral 
neuropathy is an important cause for ED in diabetics,” 
and this is described elsewhere. Sensory and motor neu- 
ropathies are considered important pathogenic factors 
for SD in patients with chronic kidney disorder, espe- 
cially those having diabetes. Atherosclerosis is signifi- 
cantly accelerated because of hypertension, diabetes, 
inflammation, secondary hyperparathyroidism, and the 
impact of uremic toxins on the vascular endothelium. 
Rosas et al. reported a prevalence of 45% and Arslan 
et al. one of 80.7% for ED in male patients on 
hemodialysis.”° 

A population of heavy drinkers without liver 
dysfunction was assessed for autonomic neuropathy, 
and among 55% of symptomatic patients, impotence 
was the only symptom (probably due to damage of 
parasympathetic fibers) .’” 


Guillain-Barré syndrome 

Guillain-Barré syndrome (GBS) presents as acute 
monopathic symmetrical ascending radiculo-neuropathy, 
with an emphasis on the motor rather than the sensory 
nerve fibers. Two-thirds of cases are associated with 
antecedent infection, which varies by geographical 
location. The infective agents implicated include 
Campylobacter jejuni, 
virus, and Mycoplasma pneumoniae. Progression between 


cytomegalovirus, Epstein-Barr 
4 and 8 weeks is termed subacute inflammatory polyra- 
diculoneuropathy (SIDP), and progression after 8 weeks 
is termed chronic inflammatory demyelinating polyra- 
diculoneuropathy (CIDP). In acute motor axonal 


polyneuropathy there are increased levels of antigan- 
glioside antibodies. Despite modern treatment and 
improvement in intensive care facilities, the mortality 
remains static at 5%, with nearly 20% of patients hav- 
ing persistent disability. Approximately two-thirds of 
patients will have evidence of autonomic dysfunction.” 
Residual disability from GBS was correlated with the 
incidence of ED in a study of 350 men.” 


Familial amyloid polyneuropathy 

Familial amyloid polyneuropathy (FAP) is a group of 
autosomal dominant (AD) inherited degenerative dis- 
orders caused by systemic extracellular deposition of 
amyloid.*° FAP patients manifest progressive sensory- 
motor length-dependent polyneuropathy and severe 
autonomic dysfunction. The autonomic manifestations 
include postural hypotension, nausea and vomiting, 
diarrhea and constipation, and sphincter disturbances, 
and ED is a prominent complaint reported by most 
patients with the condition.*°” 


Muscular dystrophy 

Myotonic dystrophy is an AD disorder caused by 
unstable trinucleotide repeat expansions. ED is more 
common in patients with larger trinucleotide repeat 
expansions and longer disease duration.’ Patients with 
myotonic dystrophy type 1 (DM1) also present with 
hypogonadism, which involves both interstitial (andro- 
genic) and tubular (spermatogenic) gonadal functions. 
ED is a frequent complaint in patients with DM1.® 


Management of ED 
in the neurological patient 


According to Lew-Starowicz and Rola, only 2.2% of 
patients had ever discussed their sexual concerns with a 
physician.** A PLISSIT (permission, limited information, 
specific suggestions, and intensive therapy) model has 
been developed to help healthcare professionals address 
the problem of sexual dysfunction, though not specifi- 
cally for neurological patients.* In 2005, Rubin carried 
out a qualitative study, with a cross-sectional design, on 
perceived difficulties among healthcare professionals 
(nurses, occupational therapists, speech and language 
therapists, and physiotherapists) in discussing sexual 
problems with male patients with MS and compared 
them to the patient’s views. This study demonstrated 
that healthcare professionals were wary about giving 
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permission to talk about sex (according to the PLISSIT 
model), and were worried about intrusiveness and lack 
of information and training, while patients wanted this 
permission. Nurses were considered as the most appro- 
priate member of the healthcare team to initiate a 
discussion on sexuality and sexual problems.’ 

When addressing ED, primary, secondary, and tertiary 
factors must be addressed (see Table 23.1) and the Multiple 
Sclerosis Intimacy and Sexuality Questionnaire - 19 
(MSISQ-19), is a validated questionnaire that assesses 
these factors.'*18 

Only a few studies have evaluated the efficacy of 
phosphodiesterase type 5 inhibitors (PDE5I) specifically 
in patients with neurological disease. One of the earlier 
studies evaluated sildenafil in patients with Parkinson’s 
disease. It demonstrated statistically significant improve- 
ment in total Sexual Health Inventory-M version, 
overall sexual satisfaction, satisfaction with sexual 
desire, ability to achieve erection, ability to maintain 
erection, and ability to reach orgasm, with use of silde- 
nafil citrate, while the Unified Parkinson’s Disease 
Rating Scale (UPDRS) and Beck’s Depression Inventory 
(BDI) were not significantly changed.** Several studies 
have demonstrated superior efficacy of PDES5Is in 
patients with ED resulting from neurological disease 
over ED from vascular or mixed etiologies.8**8 

Two studies have evaluated the safety and efficacy of 
sildenafil citrate for ED in men with MS. Fowler et al. 
demonstrated 95% improvement in erections, as well 
as significant improvements in both general and dis- 
ease-specific QoL variables.6® Whereas, Safarinejad 
reported little improvement on ED compared to 
placebo and recommended against its use in the rou- 
tine management of ED in patients with MS. The 
reason for such divergent findings is unclear; however, 
differences in patient selection may have contributed. 
A Cochrane review from 2012 assessing the efficacy 
and safety of sildenafil citrate for ED in patients with 
MS demonstrated limited evidence to support Viagra as 
an effective treatment to improve erectile function and 
quality of life at a short-term follow-up. Patients using 
sildenafil citrate were more likely to improve their 
ability to achieve and maintain an erection and 
complete intercourse. Adverse events were also 
reported; the most common were: headache, flushing, 
rhinitis, visual disturbances, and dyspepsia, but two 
patients suffered serious adverse events including one 
with coronary artery disease requiring triple bypass 
surgery and one with a cerebrovascular accident.” 


Quality of erections and satisfaction with sex life were 
found to be significantly improved with 50mg oral 
sildenafil taken once daily in men with ED caused by 
spinal cord injury between T6 and L5.” In 2012, 
Lombardi et al. reviewed the literature on oral 
PDESIs — sildenafil, tadalafil, and vardenafil — in indi- 
viduals with central neurological disorder. They con- 
cluded that PDE5Is represent the first-line therapy for 
ED in patients with SCI. Though a meta-analysis was 
not possible, they found encouraging results for 
Parkinson’s and MS patients.” A randomized, double- 
blind, placebo-controlled, crossover study of sildenafil 
citrate in the treatment of ED in patients with PD and 
MSA demonstrated significant improvement, with 
minimal change in blood pressure in the PD group of 
patients. In the group of MSA patients, despite a 
significant postural fall in blood pressure 1 hour after 
taking medication in three men, all patients were 
reluctant to discontinue medication. Due to their 
potential hypotensive side effects, PDE5Is should be 
used with caution in patients with autonomic 
dysfunction and postural hypotension. Ideally blood 
pressure fluctuations after taking a PDE5I should be 
assessed on a tilt table, especially before prescribing 
these medications to patients with parkinsonism due to 
difficulty in distinguishing Parkinson’s disease from 
multiple system atrophy in the early stages.” There is a 
case report of transient global amnesia and hemor- 
rhage from an arteriovenous malformation after pre- 
medication with tadalafil.” 

The evidence supporting the use of other PDES5Is such 
as tadalafil and vardenafil is limited; however, in clinical 
practice they are used with benefit in neurological 
patients reporting ED. 

Vacuum pumps and intracavernosal injections of 
prostaglandin E, are alternative strategies to managing 
ED; however, the evidence supporting their use is 
limited. Neurological functions, such as manual dex- 
terity, need to be considered when discussing this 
option with the neurological patient. Surgical implanta- 
tion of a penile prosthesis should be considered with 
caution and a proper neurological examination is para- 
mount as patients with perineal sensory loss are at a 
greater risk for complications such as skin erosion. 
Moreover, patients with neurological disorders, espe- 
cially those with spinal cord lesions, often rely on inter- 
mittent catheterization for bladder emptying, and 
implanting a penile prosthesis would not be possible in 
such patients. 
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Conclusion 


Sexual dysfunction is common following neurological 
disease. Lesions of the cortex and subcortical white 
matter, basal ganglia and brainstem, long tracts of the 
spinal cord, and pelvic nerves may affect domains of 
sexual functions resulting in sexual dysfunction. This 
chapter reviews possible neurological causes of erectile 
dysfunction and disorder-specific management. PDE5I 
are considered to be more effective for ED of neurogenic 
etiology compared to vascular or mixed causes for ED. 
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CHAPTER 24 


Non-surgical therapy for Peyronie’s disease 


Rowland Rees and Victoria Dawson 
University Hospital Southampton, Southampton, UK 


The first detailed description of Peyronie’s disease (PD) 
appears in 1743, in Francois de la Peyronie’s manuscript 
about erectile dysfunction. However, simplified accounts 
of the condition date back as far as 1687.' The disease is 
characterized by the formation of fibrotic plaques within 
the tunica albuginea leading to penile pain and curva- 
ture. The commonest mode of presentation is with a 
penile curvature preventing sexual intercourse, but 
men may seek medical advice for a number of reasons, 
such as pain, worry about a palpable lump, erectile 
dysfunction, or a change in shape of the penis. There 
may also be shortening, with attendant loss of self- 
esteem and sexual confidence, thus Peyronie’s is often a 
depressing condition. 

Although its etiology is not fully understood, the most 
widely accepted hypothesis is repeated microvascular 
injury or trauma to the tunica albuginea coupled with 
abnormal wound healing, resulting in inelastic fibrous 
plaque? (Figure 24.1). A number of associated conditions 
have been identified supporting the theory of microvas- 
cular insult. They include hypertension, diabetes, 
smoking, dyslipidemia, and obesity’ (Table 24.1). 

Broadly speaking there are two phases observed in 
Peyronie’s disease: In the acute phase, there is active 
inflammation with increased proliferation of tunical 
fibroblasts, resulting in excessive deposition of collagen. 
Increasing deformity of the erect penis and penile pain 
occur in some, but not all patients. This initial 
inflammatory phase usually lasts up to 6 months, and 
the disease will then enter a chronic state. During this 
phase, there is disordered wound healing resulting in 
plaque stabilization and resolution of pain.” 

A variety of molecular mechanisms have been 
described in connection with Peyronie’s disease. Each 


of these processes has subsequently been targeted 
pharmacologically in order to improve outcomes of 
the disease. A well-described mechanism is the 
factor-B1 
(TGF-B1) in the accumulation of collagen. Ultimately 


involvement of transforming growth 
activation of TGF-B1 results in an increase in 
connective tissue synthesis along with the inhibition 
of collagenases. TGF-ß1 is a cytokine synthesized by a 
variety of cells including fibroblasts, macrophages, 
and platelets. Interestingly TGF-B1 has the ability to 
self-induce, which may underpin the development of 
scarring and fibrosis in PD.” The link between TGF-B1 
and Peyronie’s comes from studies showing an 
increase in protein expression of TGF-B1 in tunica 
albuginea biopsies taken from PD patients when com- 
pared to non-PD patients.* It has also been hypothe- 
sized that oxidative damage may be causal in the 
initiation and progression of the tissue fibrosis seen in 
PD, and thus there has also been an interest in 
antioxidants and their potential effect on disease 
progression.” 

Treatment options will depend on the stage and 
severity of disease. The natural history of the disease 
results in spontaneous improvement in curvature in up 
to 13% of patients.’ It is therefore advised that there is 
at least some period of observation. Surgical interven- 
tion is widely accepted as the mainstay of treatment in 
severe cases (once the patient has stable disease). 
However, the primary aim of intervention is to keep 
patients sexually active by restricting curvature progres- 
sion. Therefore there has been a real interest in attempt- 
ing to halt the disease process in the early phase with 
oral medications and intralesional injections, thus 
reducing the need for surgery. 
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Figure 24.1 The pathophysiological theories for Peyronie’s 
disease. 


Table 24.1 Vascular risk factors in Peyronie’s disease. 


Risk factor N % 


Hypercholesterolemia 132 43 
Diabetes 102 33 
Hypertriglyceridemia 87 28 
Hypertension 45 15 
IHD 25 8 
TOTAL 307 67 
ED 167 54 


ED, erectile dysfunction; IHD ischemic heart disease. 
Source: Kadioglu (2002).7” Reproduced with permission of 
Elsevier. 


Oral therapies in Peyronie's disease 


The focus of oral therapies relates to the disruption of 
either the inflammatory process in the acute phase, or 
the disordered wound healing of the chronic phase in 
order to improve symptoms and either stabilize or 
reduce curvature. 

The advantages of a successful oral therapy would be 
modified disease progression in the early phase, directly 
reducing morbidity due to Peyronie’s disease, but also 
reducing the need for more invasive (surgical) therapy 
in a proportion of patients. It would also offer a real 
alternative for those not fit or keen for surgery. 

A number of oral medications have been trialed on 
the basis of the relationship between the drug’s mecha- 
nism of action and the hypothesized pathophysiology of 
Peyronie’s disease. However, there is a lack of robust 
randomized controlled trials that have truly demon- 
strated a clear benefit for any single drug, and the US 
Food and Drug Administration (FDA) has only deemed 


potassium para-aminobenzoate (Potaba) as “possibly 
effective” in the treatment of Peyronie’s disease. 


Potassium para-aminobenzoate (Potaba) 
The use of Potaba in Peyronie’s disease was first intro- 
duced in 1959; however, studies have failed to show 
convincingly any significant improvement in symp- 
toms, curvature, and plaque size. Its popularity is 
decreasing due to its high side-effect profile (mainly 
gastrointestinal effects and photosensitivity) and high 
cost.'4 

Mechanism of action: Thought to exert an anti-fibrotic 
effect; however, exact mechanism of action is 
unclear. It has been postulated that it rebalances the 
effects of serotonin and monoamine oxidases (MAO) 
at the tissue level through increased oxygen utilization, 
which in turn is thought to promote degradation 
of serotonin by enhancing MAO action.‘ 

Evidence: A randomized controlled trial (RCT) in 2005 
demonstrated a significant plaque-related effect of 
Potaba, and conclusions from the study suggested 
the drug may stabilize disease by preventing curvature 
progression.’ 

Advantages: Some evidence it improves penile pain and 
plaque size; however, results have not been 
reproducible.*” 

Disadvantages: Expensive. Multiple dosing. Extensive 
side-effect profile — nausea, anorexia, photosensitivity, 
anxiety, and difficulty concentrating, amongst others. 


Vitamin E (tocopherol) 
As both an inexpensive and safe product, the use of 
vitamin E by urologists for the treatment of PD has been 
popular since the 1940s. There was initially support in 
the literature for its use; however, more recent studies 
have failed to support this practice.** It has more 
recently been trialed in combination with other ther- 
apies, which has raised interest in this preparation once 
again. However, it somewhat “muddies the water,” 
making it difficult to draw any clear conclusions about 
its individual efficacy. In these combinations it does 
appear to have some synergistic effect and so there may 
still be a place for vitamin E in the treatment of 
Peyronie’s. However, more robust RCTs are needed to 
demonstrate this. 
Mechanism of action: Acts as an antioxidant by scav- 
enging oxygen free radicals, which are thought to 
promote fibrosis.’ 
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Evidence: Conflicting results. Both Safarinejad and 
Hosseini® and Hashimoto and Hisasue’ failed to show 
any statistically significant improvements in the 
treatment arm of their studies. There is more encour- 
aging evidence from its use in combination with other 
agents.'° 

Advantages: Widely available. Low toxicity. Low cost. 

Disadvantages: Minimal reproducible evidence of 


improvement in symptoms or penile curvature. 


Tamoxifen 

An initial study in the early 1990s studying the effects of 
tamoxifen on Peyronie’s disease was performed after 
the drug was shown to be effective in the treatment of 
desmoid tumors, a condition thought to have histolog- 
ical similarities with Peyronie’s disease.'' Its effect on 
the integral TGF-B1 pathway was thought to be key to 
its anticipated success. Although this initial study bore 
positive results, subsequent research has failed to repro- 
duce those early outcomes. 

of action: 
Thought to inhibit fibroblast proliferation as well as 


Mechanism Non-steroidal antiestrogen. 
decrease collagen production by inhibiting the pro- 
duction and release of TGF-f1.'!" 

Evidence: Main reference paper is a small RCT by 
Teloken et al., which demonstrated no significant 
improvement in plaque size, curvature or pain when 
compared to placebo.” The study was limited by its 
small size and poor description of randomization 
and blinding. 

Advantages: Low side-effect profile. 

Disadvantages: Poor evidence for its use. 


Colchicine 
More commonly seen as a treatment for gout, the interest 
in colchicine as a potential treatment for PD was first 
explored after a 1994 pilot study produced promising 
outcomes showing decreased plaque size and improved 
penile curvature. More recently, robust studies have 
failed to reproduce these encouraging results. It has also 
been used in combination with vitamin E, and was ini- 
tially shown to improve plaque size and penile curvature. 
However, there remains conflicting evidence and lack of 
large randomized trials to support this.'*!? It is still, how- 
ever, used widely as a medical alternative in the treatment 
of Peyronie’s disease by American urologists.'° 
Mechanism of action: The precise mechanism of action 
of colchicine has not yet been completely established. 


It has, however, been shown to downregulate 
TGF-B1 in animal models.’ Colchicine has anti- 
inflammatory properties that are thought to reduce 
collagen synthesis as well as potentiate collagenase 
activity.” 

Evidence: Initially a pilot study demonstrated reduc- 
tions in plaque size in 50% of patients (12/24), and 7 
out of 19 patients had improvements in penile curva- 
ture.’ A more recent RCT showed no statistically 
significant benefit in the treatment arm when com- 
pared to placebo.” Combination preparations (col- 
chicines plus vitamin E) require further consideration 
as studies have failed to consistently show improve- 
ments with their use. An adequately sized RCT is 
needed to appropriately answer this question. 

Advantages: Potential improvements in plaque size and 
penile curvature. Has been used in combination 
preparations. Low side-effect profile. Once a day 
dosing. 

Disadvantages: No clear evidence of improved outcomes. 


Acetyl esters of carnitine 

Carnitine, or more specifically acetyl-1-carnitine, was 

first trialed as an oral alternative in the treatment of PD 

in 2001 by Biagiotti and Cavallini after it was shown to 
be effective in the treatment of oxidative diseases and 
idiopathic infertility, where its use stems from its pro- 
posed antioxidant properties.'* Results of this study 
were promising as outcomes showed it was more effec- 
tive than tamoxifen at reducing pain and halting disease 
progression. However, more recent studies have shown 
no significant improvement in pain, curvature, or 
plaque size when compared to placebo, either on its 

own or in combination with vitamin E.'* 

Mechanism of action: It is suggested that carnitine 
reduces the intracellular calcium levels in endothe- 
lial cells resulting in a reduction in collagen produc- 
tion and fibroblast proliferation. This, in turn, is 
thought to reduce penile fibrosis seen in PD. 

Evidence: A 2001 RCT by Biagiotti and Cavallini dem- 
onstrating statistically significant outcomes (namely 
halting curvature progression) in patients taking 2 g/ 
day of acetyl-t-carnitine when compared to those 
taking tamoxifen.’® More recently, Safarinejad et al. 
found no significant improved outcomes in penile 
pain, curvature, or plaque size in patients taking 
acetyl-t-carnitine either alone or in combination 
with vitamin E when compared to placebo.” There is 
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some evidence that in combination with verapamil 
intraplaque injection, carnitine may improve disease 
outcomes; however, it is difficult to isolate the active 
drug responsible for these outcomes.’° 

Advantages: May be effective in combination with other 
agents. 

Disadvantages: Minimal rationale and evidence for its use. 


Phosphodiesterase type 5 inhibitors (PDES5i) 

PDE5i have long been used by urologists in the 

treatment of erectile dysfunction. It has been proposed 

that they cause inhibition of tissue remodeling after 
injury and thus may be advantageous in the treatment 
of PD.?! 

Mechanism of action: Increase cyclic GMP levels, which 
prevents deposition of collagen by inhibiting TGF-1, 
oxidative stress, and myofibroblast accretion.” 

Evidence: Animal models have shown reduced plaque 
size and increased fibroblast apoptosis.*! A retro- 
spective study looking specifically at the resolution 
of penile septal scar with the use of PDE5i recorded 
significant improvements in both scar size and erec- 
tile function, neither of which are common out- 
comes in the assessment of oral therapies and their 
use in PD.” 

Advantages: Safe. Useful in patients with coexisting 
erectile dysfunction. 

Disadvantages: Studies yet to look at standard outcomes 
such as plaque size and curvature other than in rat 
models. Lack of prospective RCTs. 


Pentoxifylline (PTX) 

PTX is a methylxanthine derivative that inhibits phos- 
phodiesterase. It is more commonly used in the 
treatment of arteriopathic disease, particularly in pre- 
venting atherosclerosis in hypertensive patients with 
type 2 diabetes mellitus, which, given the associated 
conditions of PD is very interesting. PTX has been shown 
in rat models to induce regression of collagen and 
TGF-B1-mediated plaque formation, and therefore has 
attracted interest as a potential treatment in PD.” It also 
appears to have anti-inflammatory and anti-fibrogenic 
properties and has been successful as an experimental 
treatment in a number of autoimmune diseases. With 
urologists still searching for the silver bullet medical 
alternative in the treatment of PD, PTX has been 
regarded in recent years as the next hopeful remedy. 
Results have been encouraging although outcomes are 


by no means cures. However, larger and repeated trials 

are needed to cement the use of PTX in PD. 

Mechanism of action: Downregulates TGF-B1l-mediated 
inflammation and inhibits the deposition of type 1 
collagen. Increases fibrinolytic activity.” 

Evidence: Safarinejad et al.’s 2009 RCT placebo trial is 
the main index study supporting the use of PTX in 
PD, but unfortunately this paper was retracted in 
2015 due to questions over statistical methods and 
validity.*4 Outcomes were reduced rates of disease 
progression as well as improved penile curvature 
and plaque volume in the treatment arm. In the 
treatment group 40.5% of patients had a measurable 
improvement in penile curvature, with a mean 
change of 23°.” Unsurprisingly International Index 
of Erectile Function (IIEF) scores improved in 
patients receiving PTX. 

Advantages: Safe. Some evidence suggestive of benefit, 
but the quality of evidence remains in question. 

Disadvantages: Minimal evidence. Marginal gains. 
Main study looked specifically at patients with “early 
chronic” disease. 


Coenzyme Q10 (CoQ10) 
CoQ10 is fat-soluble vitamin-like quinolone. Decreased 
serum levels of CoQ10 have been found in diseases 
associated with oxidative stress.” It is a potent antioxi- 
dant, and the theory of its use in PD stems from specu- 
lation that the inflammation seen in the acute/early 
chronic stages of the disease is, in part, due to low anti- 
oxidant activity. It has also been reported that solubi- 
lized CoQ10 suppresses the expression of TGF-B1. 

Mechanism of action: Hypothesized that a failure to 
respond to oxygen free radicals produced in the 
inflammatory phase of Peyronie’s disease may lead 
to disease progression and therefore potent antioxi- 
dants such as CoQ10 may act as protection against 
oxidative stress. 

Evidence: One RCT to date. Showed improvement in 
erectile function (measured via IIEF scores). Also 
demonstrated reduction in plaque size and penile 
curvature. 

Advantages: Safe. Cheap. RCT showed positive outcomes. 

Disadvantages: Small study (treatment group n=81 who 
completed trial period). More studies needed to 
reproduce results. Improvements in penile curvature 
much more pronounced in patients with curvatures 
less than 30°. 
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Omega-3 

Omega-3 is a polyunsaturated fatty acid that was postu- 

lated to suppress disease progression given its inhibition 

of inflammation. One RCT has been performed to date, 

which failed to show any significant improvement 

when used in PD. 

Mechanism of action: Inhibits the release of inflammatory 
cytokines and increases collagenase activity. 

Evidence: One RCT failed to show any significant 
improvements in outcomes.?’ 

Advantages: Cheap. Safe. 

Disadvantages: No evidence supporting its use. 


Topical agents 


Verapamil has been described as a topical agent for PD, 
applied as a gel. In one study, 15% verapamil hydrochlo- 
ride was compared with placebo. There was a significantly 
greater improvement in curvature (43% improvement) 
in the treatment group versus in the treatment group at 3 
months, and this was improved further at 9 months 
(61%). Pain and plaque size also showed significant 
improvement.” However, there are few other studies, 
some of which have failed to prove that verapamil reaches 
the plaque in a meaningful concentration, raising doubts 
as to its mechanism of action. 

Studies 
administration (EMDA) of verapamil into the penis 


examining the effect of electromotive 


have shown conflicting results.??° 


Injectable agents 


A number of agents have been developed to be injected 
intralesionally into the Peyronie’s plaque. Interferon and 
collagenase are the only agents to have shown benefit. 


Steroids 

A single blind study using intralesional injection of beta- 
methasone did not yield a significant improvement in 
deformity, plaque size, or pain. In addition, steroid 
injections have negative side effects such as thinning of 
the skin and immune suppression.*! 


Interferon 

Through its actions of reducing collagen production, 
interferon-2« has been used as an injectable agent 
(5 million units twice a week for 12 weeks), with a 


slight improvement in curvature, plaque size, and pain 
as compared to placebo. However, interferon is associ- 
ated with significant generalized side effects such as 
myalgia and flu-like symptoms.” 


Verapamil 

Verapamil has also been used as an intralesional agent 
due to its in vitro effect on collagenase activity and 
fibroblast proliferation. However, clinical studies have 
failed to demonstrate significant improvements in penile 
curvature, plaque size, or pain.” 


Collagenase 

Following the successful use of collagenase in Dupuytren’s 
contracture, its use has recently been studied in the 
treatment of PD. In the IMPRESS trial, 832 men from the 
United States and Australia were randomized to receive 
either collagenase or placebo injections, and patients in 
the treatment arm underwent four cycles of treatment, 6 
weeks apart; each cycle consisted of two injections 1-3 
days apart (0.58mg), and investigator modeling (plaque 
stretching) 1-3 days later.** The patients were also told to 
model their penis regularly afterwards. There was an 
overall 35% improvement in curvature in the treatment 
arm (average 17° improvement, vs —9.3° change in the 
placebo arm). Minor side effects such as bruising were 
very common, but major side effects such as penile rup- 
ture were rare (<1%). 


Mechanical devices 


Mechanical devices have also recently been used in the 
management of PD. In a comparison of a penile traction 
device versus no treatment, patients wore a device for 
an average of 4.6 hours a day for 6 months, with a mean 
improvement in curvature of 20° (vs a worsening of 23° 
in the control group).* The vacuum erection device has 
also been described as improving penile curvature in 
PD, but to date there are no controlled studies demon- 
strating superiority over conservative management.*® 


Conclusion 


A number of medical treatments have been described 
for the treatment of PD although they have limited effi- 
cacy. Despite some that have shown some encouraging 


234 


Chapter 24 


results, there is a distinct lack of powered RCTs and 


reproducible results. It is clear that halting disease pro- 


gression and maintaining sexual function should be the 


aim of oral therapies; however, further analysis into those 


treatments that have so far produced positive outcomes is 


warranted. The use of CoQ10 and phosphodiesterase 


inhibitors may well be beneficial, although the novel 


collagenases appear to be promising in men with PD. 
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CHAPTER 25 


Micropenis and penile dysmorphobia: 
diagnosis, management, outcomes, 
and future developments in the field 
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Introduction 


Although refers to a well-defined 


condition, it is a term that can be misapplied or miscon- 


“micropenis” 


strued amongst patients and clinicians. The definition of 
micropenis is a stretched penile length (SPL) of 2.5 
standard deviations below the mean for age and race in 
the absence of other genital abnormalities; this is less 
than 7.5cm for Caucasian adult males and less than 
1.9cm in term neonates.’ Micropenis can be associated 
with functional problems, including sexual and voiding 
dysfunction, and this often leads to complex psycho- 
logical problems. Alongside this in clinical practice are 
those who present with a normal sized phallus who 
maintain a persistent perception of inadequate size 
despite counseling; they can suffer from clinically signi- 
ficant distress and impairment of their social functioning 
as a result of this perception. These patients are considered 
to have penile dysmorphic syndrome.? 


Causes of micropenis 


True micropenis is a congenital abnormality and is 
attributable to well-defined etiologies, whilst a small 
subset are found to be idiopathic. Despite true micrope- 
nis being an isolated finding with absence of other 
genital abnormalities, it can be found as part of more 
complex presentations, such as associated hypospadias 


or bladder exstrophy; it may also fall into the category of 
“disorders of sexual differentiation”! (see Chapter 31). 
Micropenis can also be acquired; for example, following 
surgical intervention for malignancy or trauma or due 
to skin conditions such as lichen sclerosis and following 
Fournier’s gangrene.* In some cases, there can be a 
misdiagnosis with a buried penis and/or webbed penis 
presenting with clinically similar findings. Imaging such 
as MRI may be helpful in these cases.! 


Congenital micropenis 


The presence of congenital micropenis most commonly 
suggests a defect in the hypothalamic-pituitary-gonadal 
(HPG) axis Genital 
development occurs during the first trimester under the 


during fetal development.* 
influence of placental chorionic gonadotropins, which 
stimulate the Leydig cells to produce testosterone. 
Subsequently, this is converted to dihydrotestosterone, 
which 
differentiation is complete as the fetus enters its second 


stimulates penile differentiation. Penile 
trimester at the end of the 12th week.’ From this point 
on the fetal HPG axis controls overall hormonal regula- 
tion and the placenta ceases to play a role. Pituitary 
gonadatropins stimulate growth of the penis, a process 
that continues until birth. An understanding of this pro- 
cess demonstrates why congenital micropenis most 


commonly results from a defect in the HPG axis.** 
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Etiology of micropenis normally falls into one of three 
categories: 
e hypogonadotropic-hypogonadism 
thalamic failure); 


(pituitary/hypo- 


e hypergonadotropic-hypogonadism (primary testic- 
ular failure); 

e idiopathic.* 

Table 25.1 illustrates the conditions that constitute each 
group of disorders, which may be a result of primary 
hormonal/metabolic error or secondary to an under- 
lying genetic mutation.* Hypogonadotropic-hypogonadism 
results from failure of either the hypothalamus or 
anterior pituitary gland. The hypothalamus produces 
gonadotropin-releasing hormone (GnRH), which stim- 
ulates the anterior pituitary gland to produce follicle- 
stimulating hormone (FSH) and luteinizing hormone 
(LH). LH is the primary stimulator of the Leydig cells to 


Table 25.1 Etiology of micropenis. 


Category 


Cause 


produce testosterone from week 12 onwards thus pro- 
moting in utero penile growth.' Hypergonadotropic- 
hypogonadism is a result of primary testicular failure 
despite normal or high circulating levels of the gonada- 
tropins FSH and LH. Interestingly, it has been noted that 
hypergonadotropic-hypogonadism more commonly 
presents with concurrent hypospadias than hypogonad- 
otropic-hypogonadism.* Although most patients are 
found to have an abnormality of the HPG axis there are 
a significant subset that despite thorough testing have 
an apparently normal hormone profile and thus are 
deemed to have idiopathic micropenis. This may be due 
to a time-limited abnormality during fetal development, 
such as delayed production and release of GnRH, LH, 
FSH, and testosterone in the second trimester; or a 
transient resistance to one or more of these hormones 
during fetal development that is no longer present at 


Deficiency of testosterone production 


Hypogonadotropic hypogonadism 


e Isolated including Kallmann’s syndrome 

e Associated with other pituitary hormone deficiencies 
e Prader-Willi syndrome 

e Laurence—Moon syndrome 

e Bardet-Biedl syndrome 

e Rud's syndrome 


Primary hypogonadism 


e Anorchia 


e Klinefelter’s and poly-X syndromes 

e Gonadal dysgenesis 

e Luteinizing hormone receptor defects (incomplete forms) 

e Genetic defects in testosterone steroidogenesis (incomplete forms) 
e Noonan’s syndrome 

e Trisomy 21 

e Robinow’s syndrome 

e Bardet-Biedl syndrome 

e Laurence—Moon syndrome 


Defects of testosterone action 


Growth hormone/insulin-like growth factor 1 deficiency 


Androgen receptor defects 
5-Alpha reductase deficiency 
Fetal hydantoin syndrome 


Developmental anomalies 


Aphallia 


Cloacal exstrophy 


Idiopathic 


Associated with other congenital malformations 
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birth. These patients usually respond well to the same 
treatments as those patients with an identified HPG axis 
error as discussed below.‘ 


Assessment 


Patients who present with “micropenis” must be fully 
examined as the term can be used erroneously in some 
clinical practice. Correct and accurate measurement of 
SPL is essential in all age groups. This is done by using a 
rigid ruler to measure from the point where the penis 
meets the pubic bone to the distal tip of the penis whilst 
the penis is in the flaccid state and maximally stretched. 
If the measurement falls below the accepted normal 
limit for age and race then micropenis can be diagnosed. 
Table 25.2 shows the normal measurements for adult 
males. The length to circumference ratio is rarely 
affected in patients with micropenis. Penile length in 
childhood remains under-reported but reference values 
can be found in Table 25.3, and in some infants the gen- 
italia look ambiguious. Testicular presence should be 
sought and measurement with an orchidometer per- 
formed if possible. Patients presenting later in life may 
have delayed puberty; careful assessment of secondary 
sexual characteristics is undertaken and the Tanner 
grade recorded. The presence of associated genital 
abnormalities should be evaluated, with some cases 
showing only subtle differences.' 


Table 25.2 Penile dimensions for normal adults. 


Once micropenis is confirmed the patient must be 
investigated for a possible reversible etiology. During 
the examination it may become evident that micropenis 
forms part of a more complex condition. Patients may 
have syndromic features such as dysmorphic facies, 
abnormal stature and growth for age, and inappropriate 
level of development for their age. This may provide 
indications for an underlying diagnosis; otherwise 
thorough testing will be required. Diagnosis requires a 
multidisciplinary approach. The inputs of a geneticist 
and endocrinologist with the urological surgeon are 
essential. 

The primary concern in the neonate is to establish 
whether micropenis is part of a presentation of panhypo- 
pituitarism. This renders the child at risk of profound 
hypoglycemia, which can lead to permanent damage or 
death. Therefore in the neonate with micropenis it is 
important to promptly test for growth hormone and 
adrenocorticotropic hormone, both of which are released 
from the anterior pituitary; a midline cephalic ultra- 
sound scan(USS) may also demonstrate structural abnor- 
mality, and a urine steroid profile may also be helpful. 
Following this, more detailed endocrinological testing of 
the HPG axis can be performed. The testes’ response to 
stimulation is important and may be ascertained by 
taking testosterone levels pre- and post-administration 
of human chorionic gonadotropin (hHCG). In some set- 
tings hormonal testicular function (and presence in cases 
of cryptorchidism) can be ascertained by testing for 


Study Year n Age range Flaccid length (cm) Stretched Erect Flaccid Erect 
length (cm) length (cm) girth (cm) girth (cm) 
Loeb 1899 50 17-35 9.41 - - - - 
Schonfeld 1942 196 17-25 - 13.1 - 8.5 15.8 
Kinsey 1948 2770 20-59 9.7 16.74 - - - 
Bondil 1992 905 17-91 10.7 16.74 - - - 
De Ros 1994 150 - - - 45 11.05 - 
Wessells 1996 80 21-82 8.85 2.45 2.89 9.71 12.30 
Bogaert 1999 935 = 10.41 = 6.40 9.75 12.57 
4187 - 9.83 - 5.60 9.40 12.19 
Ponchietti 2001 3300 17-19 9.0 12.5 - 10.0 - 
Schneider 2001 111 18-32 8.60 - 4.48 ~ - 
Awwad 2005 271 17-83 9.3 13.5 - 8.9 - 
Promodu 2007 301 - 8.21 10.88 3.01 9.14 11.46 
Mehraban 2007 1500 20-40 - 1.58 - 8.66 - 
Khan 2012 609 16-90 8.7 14.3 - - E 
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Table 25.3 Mean stretched penile length (cm) in normal children. 


Age range Wang Hatipoglu Teckchandani 
2006 2013 2014% 

Preterm newborns - 2.5 - 
Term newborns 3.0 3.5 - 

0-5 months - 3.9 - 
5-12 months 4.0 43 4.02 
1-2 years - 4.7 4.50 
2-3 years - 5.1 5.01 
3-4 years - 5:5 5.52 
4-5 years 5.0 57 5.82 
5-6 years - 6.0 6.11 
6-7 years - 6.1 6.31 
7-8 years - 6.2 6.50 
8-9 years - 6.3 6.61 
9-10 years = 6.3 6.71 
10-11 years = 6.4 = 


anti-müllerian hormone and inhibin B, both of which 
are produced by testicular Sertoli cells. However, this is 
currently considered experimental and is not available 
at most centers. Distinguishing between hypothalamic 
and pituitary levels of dysfunction can be accomplished 
using prolactin levels, which will be high in hypotha- 
lamic dysfunction and low in pituitary dysfunction. 
Alongside this, most patients will require karyotyping, 
with particular attention to the sex chromosomes. 


Acquired micropenis 


The etiopathogenesis of acquired micropenis is extremely 
variable. It can be secondary to primary pathology or iatro- 
genic due to treatment of underlying conditions or surgical 
misadventure. Common causes include: Peyronie’s dis- 
ease, prostate cancer, post-priapism, and lichen sclerosis. 
Treatment of conditions such as genital cancers, Fournier’s 
gangrene, trauma, and burns can also result in this state 
(see also Chapter 26). The underlying pathology resulting 
in shortening will involve a combination of: corporeal 
fibrosis (secondary to chronic hypoxia), anatomical 
shortening following surgery or trauma, graft contraction, 
and loss of tissue elasticity.» These processes result in a 
measurable loss in penile length, which may be minimal 
or profound. Patients with less severe shortening can often 
be successfully treated with medical therapies — most 


commonly phosphodiesterase-5 (PDE5) inhibitors — 
combined with enhancement devices such as penile vac- 
uums and penile extension devices (e.g. Andropenis®, Jes- 
Extender®). Those with significant defects may be unable 
to have sexual intercourse and normal voiding function. 
This category of patient will require surgical intervention 
either at the time of primary surgery or at a later date. 
Some techniques at the time of surgery, such as glans 
resurfacing and advancement flaps, may be useful in pre- 
venting subsequent micropenis. Otherwise the surgical 
techniques discussed below may be implemented.’ 


Treating micropenis 


The aim of treatment for patients with micropenis is to 
provide both functional and cosmetically acceptable 
results. Normal social drivers suggest that men will 
desire a normal penile length, normal penetrative 
sexual function, and an ability to micturate in a standing 
position. Treatment can be entirely non-invasive using 
medical therapies and counseling, with surgical inter- 
vention reserved for persistent penile deformities. 
Corrective surgery requires a well-informed patient 
who understands the potential for repeated surgeries 
and possible cosmetic and functional results. 

Whilst this chapter concentrates on the surgical 
management of micropenis it is important to realize that 
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the diagnosis of micropenis produces profound emo- 
tional and psychological responses in patients, parents, 
partners, and medical carers. It is best managed by a 
multidisciplinary team to ensure a holistic approach to 
patient care and a smooth transition from diagnosis to 
treatment.? 


Non-invasive and medical treatments 

The market for non-invasive penile enhancement 
devices and strategies has expanded rapidly in recent 
years. The offer of length and girth increases from var- 
ious devices is reported but little evidence exists to 
support their use. Among the acclaimed enhancing 
approaches are: penile extenders, injectables, weights, 
vacuum devices, botulinum toxin, and physiotherapy. 
Oderda and Gontero’s recent article shows that only 
level 4 evidence exists to support the use of penile 
extenders with no robust evidence available to support 
alternative techniques.’ In their review article they con- 
cluded that the evidence for penile extenders was ade- 
quate to promote their use as a first-line treatment for 
people with small or normal penile size seeking 
enhancement, with 1.5-2.5 cm length increases achiev- 
able in some men. As for the other marketed strategies 
for penile enhancement no medical evidence exists to 
support their use currently.’ 

Medical therapy for micropenis involves the correction 
of subnormal serum testosterone levels or androgen insen- 
sitivity for men with proven HPG-axis dysfunction. This is 
achieved through differing protocols, but the general con- 
sensus suggests that early therapy in the months after birth 
is optimal. The most commonly recommended treatment 
regime is to use 25mg of intramuscular testosterone 
monthly for 3 months. This regime can be commenced 
from the second postnatal month without concern for 
early skeletal development and growth plate fusion.’* 
Testosterone is normally administered in its enanthate form 
as this has a longer duration of action. Good results have 
been shown following this regime, with increases of 100- 
150% in penile length being reported.'’*’ Alternatively, 
transdermal testosterone can be used: dihydrotestosterone 
gel is applied to the penile tip and shaft at doses of 12.5- 
25mg daily for 8 weeks. This was shown to be safe in a 
small study by Choi et al., and showed penile length 
increases comparable to intramuscular testosterone admin- 
istration.’ The initial treatment phase may need supple- 
menting with a further course of testosterone at puberty if 
development is delayed or penile growth is poor.'° 


Surgical treatment 

Surgery can be offered to patients who fail or partially 
respond to medical therapy. It is important to realize 
that penile enhancement surgery is not a panacea, 
whether done for micropenis or other reasons. The 
procedures that have so far been developed have 
variable success rates and carry with them important 
risks, which must be discussed with all potential recipi- 
ents. Alongside the usual operative risks there are 
specific risks such as paradoxical penile shortening, 
altered sensation, and postoperative erectile dysfunction; 
furthermore, despite careful counseling, some men will 
find the cosmetic results and scarring disappointing." 
Careful patient selection and a full assessment of patient 
expectations are essential. Studies have shown that 
despite a real length or girth increase being achieved, 
many patients remain unsatisfied with the results.'? The 
surgical options available form a spectrum of procedures 
from less extreme augmentation procedures to radical 
reconstruction such as total phalloplasty. Total phallo- 
plasty should be reserved for the most challenging cases, 
with consideration of the less radical approaches in all 
possible cases prior to embarking on this. 

It is most important to note that surgical penile 
enhancement and replacement techniques are consid- 
ered investigational. There is a paucity of reliable and 
validated data in the literature regarding success, and 
often high levels of complications are reported. However, 
carefully selected patients can benefit from surgery, and 
this option should be discussed along with other poten- 
tial treatments. With this in mind, surgical intervention 
should be considered carefully by all potential operating 
surgeons and recipient patients. 


Penile lengthening 

Division of the suspensory ligament is advocated by 
several authors to increase penile length. This is often 
accompanied by an inverted V-Y-plasty of the pubope- 
nile skin. The suspensory ligament, which arises from 
the dorsal aspect of the penis and attaches superiorly to 
the pubic symphysis, is responsible in combination with 
the fundiform ligament for supporting the penis in the 
erect state. Once divided some surgeons advocate plac- 
ing either a fat pad or silicone prosthesis over the pubic 
bone to prevent reattachment of the ligament, as this 
can lead to paradoxical postoperative shortening.’* The 
use of postoperative penile weights and stretching exer- 
cises is also used to prevent reattachment and promote 
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length gain, either in addition to pre-pubic bone pros- 
thesis or independently of this. In well-selected patients 
there can be a length increase of 1-2cm.'* The main 
complications associated with this procedure include: 
paradoxical shortening, reduced angle of erection, and, 
in some cases, instability of the erect penis.’ If accom- 
panied by an inverted V-Y-plasty some patients 
complain of hair-bearing skin on the shaft of the penis, 
and hypertrophic scarring is possible." 

In addition to division of the suspensory ligament and 
V-Y-plasty; selected patients will benefit from excision 
of suprapubic fat pads (lipectomy) and release or 
excision of a penoscrotal web. This increases perceived 
penile length rather than providing an actual increase in 
penile length, but both methods are relatively simple 
procedures that can provide satisfaction for appropriate 
patients. 

The literature does contain reports from other, single- 
center, often single-surgeon studies promoting new 
strategies for penile lengthening. Perovic and Djordjevic 
suggest using harvested autologous rib cartilage for 
placement between the glans cap and tip of the corpora 
cavernosa, which can produce a 2-4cm length 
increase.'* This technique, alongside other small studies, 
requires further validation and assessment before rou- 
tine clinical implementation is possible. 


Girth augmentation 
Results for penile girth augmentation are less satisfac- 
tory than those for length enhancement. Several tech- 
niques have been attempted with varying results, and 
associated complications are commonly reported. The 
most commonly attempted approach is to inject autolo- 
gous fat cells into the dartos fascia, along the length of 
the penis at four points around the circumference of the 
penis.” This is then massaged to produce an even spread 
of the injected fat cells. Results from this technique are 
variable secondary to multifactorial problems. Fat cells 
injected are subject to multiple episodes of trauma and 
thus there is significant cell rupture and reabsorption; 
up to 90% of fat cells may be lost this way. This is not a 
uniform process and consequently can lead to asym- 
metry of the penis; additionally, nodules may occur due 
to fat necrosis or calcification of fat cells. Conversely, if 
too much fat is successfully laid down then some 
patients complain of lack of rigidity on erection.'*'” 

In an attempt to avoid these pitfalls, several 
researchers have used dermal fat grafts — the success of 


which is reported elsewhere in plastic surgery. The 
dermal layer is harvested from abdominal or gluteal 
areas and the epidermis removed. The graft can then be 
placed circumferentially around the penis between the 
dartos and Buck’s fascia. Unfortunately results with this 
technique are also inconsistent. Fibrosis and scarring of 
the fat may occur and this can lead to asymmetry and 
nodularity. There is also the added morbidity and scar- 
ring associated with the donor site. Providing no com- 
plications occur a girth augmentation of 2.5—5 cm can be 
achieved, which is a substantial increase.'*'” 

Other experimental, injectable substances such as 
silicone and hyaluronic acid gel have been evaluated. In 
order to achieve an appreciable girth increase, large 
volumes are required and this can lead to a number of 
complications including: damage to blood vessels and 
nerves resulting in erectile dysfunction; migration of the 
silicone leading to a deformed penis; and, finally, immu- 
nogenic reactions to the silicone causing granuloma 
formation.'* Injection of hyaluronic acid gel for glans 
enhancement has achieved measurable increases in 
glans circumference with few complications; however, 
these data have not been reproduced by others to date.'® 

Austoni et al. reported a technique of saphenous vein 
augmentation of the corpora for girth augmentation.” 
In their technique an incision is made from the pubis to 
the tip of each corpus cavernosum and a saphenous 
vein graft inserted to the tunica albuginea. This gives 
good results in increasing erect penile girth but has no 
effect on flaccid girth. Newer techniques include using 
biodegradable scaffolds populated with autologous 
fibroblasts and AlloDerm® sheets in a similar fashion to 
dermal graft placement. Both these techniques are 
entirely experimental and have few data to support 
them at the current time.'*'* 

Procedures for girth augmentation are not the main- 
stay of treatment for the patient with micropenis; this is 
in part due to the relatively poor outcomes and high 
complication rates. These procedures may be performed 
for cosmetic reasons or for those with penile dysmor- 
phic syndrome and much of the data published refers to 
this cohort of patients. 


Penile replacement surgery (phalloplasty) 

Certain patients with micropenis will require total 
phalloplasty. Usually, these patients have trialed less 
radical treatments without success or may present with 
concomitant genital anomalies. The main aim of 
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phalloplasty surgery is to provide patients with a func- 
tioning and visually acceptable phallus. As previously 
mentioned, this includes being able to perform sexual 
intercourse, micturate in a standing position, and have 
minimal scarring or signs of surgery. Patient expecta- 
tions are often high, so detailed counseling is mandatory 
including reference to the potential postoperative 
function and recovery, possible complications, and 
details of likely scarring. Scarring (often indicative of the 
procedure) is a potential source of disappointment for 
some patients undergoing phalloplasty surgery. The 
majority of evidence supporting the development and 
use of these techniques originates in female to male 
transgender surgery. Contemporary results suggest that 
they also remain valuable techniques for the challeng- 
ing micropenis patient. Phalloplasty is a complex 
procedure that may require multiple operations; a 
number of techniques are reported. 

The first phalloplasty reported was carried out by 
Bogaras in 1936. His technique used a tubularized 
abdominal pedicle flap. Other pedicle flaps were experi- 
mented with and were highly successful in terms of low 
rates of flap failure; however, they have limited sensa- 
tion and in time have been superseded by the radial 
forearm free flap phalloplasty (RAFF).? The RAFF for 
total phalloplasty was developed by Song in 1982 and 
has become the most popular method of phalloplasty in 
recent years.” There are several advantages to the 
RAFF: it has a reliable arterial supply and identifiable 
nerves that can be anastomosed to provide potential 
sensation and response to erogenous stimulation.” Skin 
grafting from the thigh, buttocks, or similar areas is used 
to repair forearm defects; however, scarring does remain 
a significant feature of this surgery. Following baseline 
surgery, it is possible to have further procedures to place 
a penile implant to allow erection and sexual intercourse; 
surgeons advocate this stage at around 1 year from the 
initial phalloplasty surgery. Complications can arise 
with this procedure and they include: graft necrosis 
(complete or partial); neourethral complications such as 
fistula, strictures, and hair growth, which may cause 
urethral stones; implant infection; tissue erosion; and 
device failure. Despite this, outcomes are good even fol- 
lowing treatment for complications or revision 
surgery.*?! 

Alternative free flap phalloplasty techniques include: 
upper arm flap, latissimus dorsi flaps, anterolateral thigh 
flaps, and osteocutaneous fibular flaps. Those clinicians 


reporting these techniques are enthusiastic about their 
use whilst suggesting superior outcomes to traditional 
RAFF surgery.’ However, wider testing in multicenter 
and multisurgeon studies is required to support these 
statements 

Surgery for micropenis should be considered only 
after medical therapies and counseling have been 
provided. However, it does offer a possible solution for 
those in whom other strategies have completely failed 
or results are unsatisfactory. Those patients being con- 
sidered for surgery should be counseled thoroughly 
regarding the risks and complications of the proposed 
surgery and possible need for multiple procedures. 
Despite the associated limitations; there is no doubt that 
surgery offers a valuable therapeutic option to a care- 
fully selected patient population. 


Techniques for the future 


Tissue engineering 

This is a rapidly expanding area of research and there 
has been much progress in the field of urology in recent 
years. The penis remains a challenging target for tissue 
engineering as it is composed of several tissue types 
with specialized functions and complex anatomy. 
However, progress is being made in developing tissues 
with the required characteristics that may at some time 
in the future be used therapeutically for those with 
penile deformities and functional problems. 

There are several methods for creating specialized 
functional tissues for therapeutic use. These are broadly 
divided into acellular and cellular. In acellular tech- 
niques a scaffold of either natural or synthetic material 
lacking immunogenic components is implanted to pro- 
mote a natural healing process in the deficient area. The 
cellular approach requires stem cells, which can either 
be used independently or “seeded” onto scaffolds (sim- 
ilar to those used in the acellular technique); these are 
then encouraged with specialized laboratory techniques 
to differentiate down the desired cell line route.” 

There are a number of reports of experimental tissue 
engineering techniques that are relevant to this patient 
group. Chen and colleagues have succeeded in gener- 
ating corporeal tissue with erectile function in a labora- 
tory-based rabbit model by seeding smooth muscle and 
endothelial cells in a stepwise fashion onto a scaffold.” 
El-Kassaby et al. performed a clinical trial comparing 
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buccal mucosal grafts and bladder acellular matrix in 
the treatment of complex urethral strictures; the success 
rate for the acellular matrix was lower but they 
concluded it was a viable option for treatment in appro- 
priate patients and further investigation should be 
performed. Finally, Breyer et al. attempted grafting 
tunica albuginea defects in patients with Peyronie’s 
disease with porcine small bowel submucosa scaffold; 
despite success in previous animal studies this had high 
complication rates in the human trial.” 

The above areas of experimentation show how tissue 
engineering is likely to provide possible future 
therapeutic options, but further development is 
necessary before these techniques become widely uti- 
lized in clinical practice. 


Penile transplant 

This is an area of research in which there is currently 
little evidence or data. Transplantation stemmed from a 
desire to treat life-limiting diseases that were untreat- 
able by other means. More recently there has been 
experimentation with transplantation of composite 
tissue allografts often for conditions that do not limit life 
but severely effect quality of life. This raises difficult 
ethical questions. Furthermore, transplantation of 
composite grafts is more technically challenging; there 
are often multiple aspects to the surgical anastomosis of 
component parts and difficult management of immuno- 
logical responses; this is especially true as skin is a highly 
immunogenic tissue.*° 

Penile transplantation encompasses all of the above 
difficulties. The penis holds significant psychosocial 
importance in all cultures but a deficit or absence of 
this organ is not life limiting.* This is an important 
consideration in the progression of penile transplanta- 
tion as complications following surgery and a lifelong 
regime of immunosuppression are challenging. This 
leaves patients at risk of drug side effects, including end 
organ damage, opportunistic infections, and malig- 
nancy, which can in themselves be fatal. The 
psychological response to having donor tissue that is 
sensate and externally visible can be profound both in 
the patient and their partner.” 

Only one attempt to date has been attempted with a 
complete penile transplantation undertaken in China in 
2006. Although the procedure was technically success- 
ful it resulted in reversal and removal of the penis after 
14 days, as the patient and his wife experienced 


profound psychological difficulties. As it has not been 
attempted again no medium- or long-term data exist; as 
such, the potential benefits and pitfalls of this type of 
surgery are unknown and, at best, can only be 
extrapolated from other composite tissue transplant 
programs.”*”* Although this is an interesting approach, 
more research and further studies are required before a 
conclusion as to its place in the treatment of micropenis 
can be assessed. 


Penile dysmorphobia 


Penile dysmorphobia is a condition in which men have 
a persistent preoccupation with the physical appearance 
of their penis.” They believe the appearance and size of 
their penis to be abnormal or inadequate, despite 
normal anatomy and size. These patients become preoc- 
cupied with this thought pattern, and develop a 
psychological rigidity, becoming obsessed and fixated by 
their perceived size. They can develop clinically 
significant signs of depression, general and social 
anxiety, and even suicidal thoughts. Perceived penile 
inadequacy and an inability to “perform” sexually (i.e., 
provide sexual pleasure to a partner) commonly develop 
into feelings of shame, hopelessness, and negative self- 
belief thus resulting in avoidance of peer and sexual/ 
intimate relationships. Distorted cognitions result in 
inaccurate and idealized beliefs about what partners 
want sexually, with sweeping generalizations about 
partner sexuality. The man with “small penis syndrome” 
typically views potential partners as judgmental, ridi- 
culing, and threatening, which further perpetuates the 
cognitive rigidity and reinforces the belief. 

The condition often develops in adolescence or young 
adulthood; boys enter and progress through sexual 
maturation at different times and rates, at a time when 
they are particularly sensitive to pressures from their 
contemporaries and the media. For many it becomes a 
lifelong affliction, which worsens without treatment. 
Some of these patients have more complex conditions 
including body dysmorphic disorder. For many, the 
concern is related to the size of the flaccid penis rather 
than the erect state. A careful history and examination 
of the patient is essential to ensure there is no under- 
lying physical abnormality. Once objective penile length 
has been established to be normal a full picture of the 
patient’s concerns, anxieties, and perceived inadequacies 
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should be developed. Notably, there is a tendency for 
this group of men to display a cognitive bias in favor of 
their belief, thus readily accepting “data” that support 
their belief of penile inadequacy whilst rejecting 
information contrary to their view. There is motivation 
to seek out reference points that support the bias — these 
can be statistical data published on the internet, sites 
dedicated to penile size, and related discussion groups. 
Absorption in researching the “problem” and attempt- 
ing to find a remedy paradoxically promotes and main- 
tains the distress. 

Management should revolve around psychological 
therapies such as psychosexual psychotherapy, psycho- 
therapy, cognitive behavioral therapies (CBT), and 
sometimes antidepressant medications. Surgery in these 
patients should not be undertaken lightly. Satisfaction 
rates are low regardless of whether a good surgical out- 
come is achieved with objective length or girth gain. 
However, there is a ferocious and growing appetite for 
penis enhancement surgery, which is being carried out 
in several centers around the world. All of the surgical 
techniques for length and girth augmentation discussed 
above have reportedly been carried out for penile 
dysmorphic syndrome despite the variable results and 
possible serious complications. 

Inherent in “small penis syndrome” are two central 
beliefs that require addressing: penile size as an out- 
ward representation of masculinity, and sufficient 
penile adequacy to satisfy a sexual partner (sexual 
performance). In many cultures the erect penis encap- 
sulates masculinity and virility and a penis perceived to 
be small can trigger insecurity, shame, and embarrass- 
ment. Sex therapy clinics commonly see men who com- 
plain of subjective penile deficiency. A typical finding in 
this group is early and ongoing exposure to porno- 
graphic images that distort reality, and a lack of primary 
sex education. Early engagement with pornography 
becomes a reference point for sexual learning and is 
rich in mythical and fictional messages of biological 
function and sexual expectation. Addressing misbeliefs 
through educational material such as simplified charts 
and diagrams, appropriate medical illustrations of male 
and female genitalia, and psycho-education focused on 
normal sexual function with accessible reading material 
that normalizes sexual function is essential. Challenging 
the notion that penile size has a direct correlation with 
a partner's sexual pleasure requires careful and sensitive 
management as patients will often view this as a 


manipulative venture aimed at diverting them from 
their core belief. Instilling the belief that sexual inti- 
macy is made up of much more than objectified pene- 
tration fosters an understanding that intimacy is 
multifactorial and, for most partners, is a combination 
of head, heart, and hormones that extends beyond a 
phallocentric model. 

The psychotherapy position of working with an issue 
that cannot be objectively and manifestly altered is to 
foster acceptance and adaptation. Given that men with 
small penis syndrome, as a group, have an emphatic 
belief in their inadequate penile size, creating the mer- 
est doubt that their belief may be wrong is the starting 
point of treatment. Their internal dialog will be nega- 
tive, and reframing these thoughts, in a more positive 
and adaptive way, will impact on self-worth. Achieving 
a more positive focus through cognitive approaches, 
such as CBT, hypnosis, and emotional freedom tech- 
nique (EFT), all help to glimpse future possibilities of 
sexual fulfilment in a real-as-real way. Identifying faulty 
beliefs and setting them against a valid body of evidence 
can promote more doubt in the skewed belief and can 
be the portal for targeted psycho-education. Equally, 
spending time working on core fears of rejection, humil- 
iation, and shame due to being an inadequate man, are 
central and achieved through intimacy-based interven- 
tions either as an individual or couple. Encouraging 
exposure to the possibility of loving and supportive rela- 
tionships, free from blame and criticism, through social 
activities can assist in a more balanced understanding of 
what people look for when selecting partners. 

The sexual relationship and a partner’s pleasure are 
not premised on penile size alone, and the patient needs 
to learn that sex does not have to be judgmental and can 
be safe. In summary, treatment of this group of patients 
is essentially education, challenging faulty thinking 
through reframing negative perceptions of size, and 
developing improved self-worth and self-esteem by 
bringing about an understanding that intimacy is not 
premised on function and performance alone. 
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CHAPTER 26 


Surgical treatment of Peyronie’s disease 


Ates Kadioglu and Emre Salabas 
Istanbul Faculty of Medicine, Istanbul University, Istanbul, Turkey 


Introduction 


Since Peyronie’s disease (PD) was first identified in the 
eighteenth century, numerous medical and surgical 
treatment modalities have been proposed, but without 
reaching a definitive and final solution. It is an acquired 
fibrotic disease of the tunica albuginea (TA) of the 
penis characterized by the formation of fibrous plaques, 
which causes penile curvature and shortening, painful 
erection, loss of penile flexibility, and associated sexual 
dysfunction.' The incidence of the disease is estimated 
at between 3% and 9%, with a mean age of onset of 
50-60 years.” This rate may increase to 20% in dia- 
betic patients, in whom diabetic treatment reduces 
plaque size.* Furthermore, young patients (<40) who 
compose 10% of the total PD population, were reported 
to have more acute onset and lower ED rates than their 
older counterparts.*® The disease may also occur in 
teenagers, who are differentiated from other age 
groups with high HbAlc levels in 18% of patients, 
non-contiguous plaques, and a subsequent ED rate 
of 37%.’ 


Etiology and pathogenesis 


The etiology of PD is considered to be multifactorial 
with the interplay of a genetic predisposition, trauma, 
and tissue ischemia.® Although the exact pathogenesis is 
not understood, the most widely accepted theory is that 
PD is a wound-healing disorder, initiated by repetitive 
micro trauma to the penis, with subsequent scar 
formation. The source of the scar formation as suggested 
by human penile studies and experimental animal PD 
models appears to be extravasated fibrinogen during 


trauma of the penis, although there is a general lack of 
clinical evidence supporting the role of trauma in PD.! 
Erectile dysfunction and coital trauma were identified as 
independent risk factors for PD (OR 1.5 and 2.7) 
whereas the presence of diabetes mellitus (DM) was 
significant only when accompanied by ED.’ PD has also 
been associated with Dupuytren’s disease as 30-40% of 
patients with PD had both diseases, and 10% of them 
had a family history of Dupuytren’s disease.'° Although 
systemic vascular risk factors, such as DM, hyperlipid- 
emia, hypertension, ischemic heart disease, smoking, 
and pelvic interventions have been hypothesized to play 
a role in the pathogenesis of PD, only DM has been 
accepted as an independent factor increasing the preva- 
lence and the severity of PD.’ 

The initiation phase of PD is characterized by an acute 
inflammatory process characteristically associated with 
increased tunical fibroblast proliferation and abnormal 
presence of myofibroblasts followed by disproportionate 
deposition of collagen, persistence of fibrin, and elastin 
fragmentation in tunica albuginea of the penis. 
Transforming growth factor B1 (TGF-f1) is a profibrotic 
factor that may be harvested from plaques or other 
fibrotic processes in the body. It may be injected directly, 
together with fibrin, or may be induced with the help of 
adenoviral constructs to produce penile curvature and 
plaque in animal models.'! Overexpression of myostatin, 
a member of the TGF-B family, has been found in PD 
plaques; it induces new plaque upon administration and 
can condense pre-existing plaque of TGF-B1.’? Other pro- 
fibrotic factors such as plasminogen activation inhibitor 
(PAI-1) and reactive oxygen species (ROS) as well as 
TGF-ß1 are released in the acute inflammation subsequent 
to trauma. Following the acute stage, a chronic phase 
ensues, with deposition of a dense fibrotic plaque, which 
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may be accompanied with calcification and ossification of 
the plaque as well as the presence of osteoblasts. 

NO release due to inducible nitric oxide synthase 
(iNOS) has been proposed as a defensive mechanism 
against the profibrotic factors in studies because of the 
increased levels of iNOS together with antioxidants in 
human and animal plaques leading to plaque reduction. 
The fibrin clot in the tunica albuginea attracts monocyte 
chemotactic protein 1 (MCP-1), which itself probably 
induces iNOS. This theory is supported by the reverse 
correlation of profibrotic factor levels and iNOS activity 
regulated by gene transfer and L-N-(1-iminoethyl) 
lysine acetate (L-NIL) inhibition in animal experi- 
ments.'* It has been postulated that NO reduced by ROS 
activity, results in myofibroblast apoptosis with inhibi- 
tion of collagen synthesis together with its end product 
cGMP. Reduction in plaque size, oxidative stress, and 
alpha smooth muscle actin (ASMA) staining was 
observed in PD fibroblast cultures after phosphodies- 
terase type 5 (PDE-5) inhibitor adminstration.'” 

The inhibition and lack of metalloproteinase and colla- 
genases contribute to the process, while iNOS, matrix 
metalloproteinases (MMPs) 2 and 9, decorin (which binds 
TGF-B1), and thymosins are the active defense mecha- 
nisms against the disease. The positive effect of decorin on 
maximal cavernosal pressure and the collagen organiza- 
tion of the fibrotic penis has been demonstrated in a rat 
model and thus opens a new therapeutic gateway for 
the disease.’ Furthermore MMPs 1, 8, and 13,which are 
inhibited by TIMP (TGF-f1 induced tissue inhibitors of 
metalloproteinases) in PD, are able to renovate the nor- 
mally lysis-resistant collagen I and II fibers.'” In addition, 
overexpression of tumor necrosis factor-related apoptosis- 
inducing ligand (TRAIL) and its death receptor (DR5) has 
been demonstrated in PD plaque when compared to 
normal TA, indicating the role of the external apoptotic 
pathway in plaque formation.'® The persistence of myofi- 
broblasts, which are removed by apoptosis, has been 
investigated in another study including apoptotic genes 
Fas, Fas ligand, Bcl-2, p53, and caspase 3 and 8. Despite 
the slight increase in expression of apoptotic genes in the 
Peyronie’s plaque, the statistically insignificant difference 
between plaque and healthy tunica albuginea points to 
the non-localized nature of the PD.” In a recent study 
comparing tunica albuginea of PD and Congenital penile 
curvature (CPC) patients, the role of intrinsic pathway 
elements (caspase 3 and 9, Bax genes) in apoptosis, dur- 
ing the stable phase of the disease, has been shown.” 


Course of the disease 


Generally, PD is thought to have an acute inflammatory 
phase followed by a chronic phase. The acute phase is 
characterized by a progressive increase in plaque size or 
penile curvature associated with penile pain. In most 
cases, this phase lasts about 12 months from onset of the 
disease. PD progressively deteriorates if left untreated in 
the acute phase of the disease. The natural history of the 
disease was reported by Mulhall et al., who demon- 
strated that penile curvature worsened in almost half of 
the cohort: only 12% of men improved in terms of 
mean degree of curvature, while 40% remained stable 
and 48% worsened during the follow-up period.?! The 
authors updated these changes in curvature (wors- 
ening, improvement, stable) as 21%, 12%, and 67%, 
respectively, in patients who received no treatment. 
Furthermore, predictive factors for stabilization were 
found to be presentation time (>6 months, OR 2.4), and 
advancing age (per decade; OR 1.5). In contrast the cur- 
vatures of young and early presenting patients improved 
four times greater than their older and late-presenting 
counterparts.” The chronic phase is a stable period dur- 
ing which penile curvature and plaque size remain the 
same with the absence of penile pain; this is generally 
accepted to start 12 months from the onset of the 
disease.” 


Diagnosis and evaluation 


The diagnosis of PD should be based on a comprehen- 
sive medical and sexual history and a detailed physical 
examination.’ In particular, symptoms of the acute 
phase and erectile dysfunction (ED) should be noted. 
Penile pain is present in 35-45% of patients in the early 
phase (6 months) and resolves spontaneously in 90% of 
patients in the first 18 month.’*?! The dysmorphic penis 
causes significant distress in these patients, as docu- 
mented by validated mental health questionnaires 
showing depression in the 48% of patients.** The Center 
for Epidemiological Studies Depression scale (CES-D) 
has been used to assess the correlation between depres- 
sion and PD; the rate of moderate and severe depression 
was observed as 26% and 21%, respectively.” After PD 
surgery significant improvement was recorded in sexual 
and overall relationship and confidence domains of the 
Self-Esteem and Relationship (SEAR) survey.” Using 
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the latest PD scaling tool introduced by Hellstrom et al., 
the Peyronie’s Disease Questionnaire (PDQ), 71% and 
58% of the patients with severe and moderate/mild cur- 
vatures reported they were very/extremely bothered 
about the shape of their penis.” Correlation between 
ED and PD has been demonstrated in 50-60% of the 
patients; performance anxiety, deformity, flail penis, 
and impaired erection were suggested as the potential 
causes.” Erectile dysfunction should be assessed with 
the help of International Index of Erectile Function 
(IIEF-5) questionnaires and duplex ultrasonography. 
Ultrasonography is also a useful tool for determining 
plaque size and location, but is not indicated in routine 
clinical practice.! 

Since progressive penile shortening is common in 
patients with PD, measurement of stretched penile 
length is an important part of the physical examination.” 
Men with PD have either a well-defined plaque or a pal- 
pable induration; for example, two-thirds of patients 
have a palpable induration on the dorsal aspect of the 
penis, with a corresponding penile curvature. Meanwhile, 
plaques that are ventrally or laterally located are less 
common, with an incidence of 10-20% and 6-10%, 
respectively, but cause more difficulty in penetration.' 
Assessment of curvature may be performed with the 
help of Intracavernosal injection (ICI), vacuum devices, 
or photographically but there is a significant underesti- 
mation of curvature degree (10°) in the latter technique 
when compared to ICI, especially in patients with ED.” 
Patient-reported curvature is unreliable, and only half of 
the patients are correct when compared with objective 
measurements.” Severe penile curvature (>60°) was 
reported as the sole reason for sexual disability.*' In our 
series consisting of 1001 PD patients, independent pre- 
dictors for severe curvature were identified as age, side of 
deformity, erectile dysfunction, and diabetes mellitus.” 
Stable curvature and resolution of pain for at least 3 
months are indicators of the chronic phase, and this 
differentiation from the acute phase is vital because only 
in this phase should surgical intervention be considered. 


Medical treatment 


Medical therapy is an important aspect of Peyronie’s dis- 
ease management. Medical therapy can be undertaken 
depending on the phase and severity of disease. Efficacy 
of treatment should be assessed by the change in the 


curvature, as neither plaque size nor pain alterations are 
objective criteria. Most medical treatments lack critical 
evidenced-based support for their effectiveness due to 
the absence of randomized controlled trials (RCTs) or 
insignificant results in the RCTs. Iontophoresis, oral 
therapies (vitamin E, potassium para-aminobenzoate, 
tamoxifen, carnitine, and colchicine), extracorporeal, 
shockwave therapy, and intralesional injection with 
verapamil or nicardipine have shown mixed or negative 
results. The only treatments to decrease penile curva- 
ture deformity in placebo-controlled studies are intral- 
esional injection with interferon a-2b or collagenase 
clostridium histolyticum.** 


Surgical treatment 


Surgical correction is the gold standard treatment option 
for PD, having the most reliable and sustained outcomes 
for correction of penile deformities in men with 
functional impairment. Surgery should only be 
considered: 

l After stabilization of the disease (12months after 
the onset of disease or once the deformity has been 
stable and painless for at least 3 months, preferably 
6 months). 

2 In the presence of severe penile shortening or severe 
deformity that causes difficulty in penetration. 

3 In the presence of plaque calcification. 

4 After previously failed conservative treatment or 
when the patient wants a definitive result.’ 

Selection of the appropriate procedure for each 
patient depends on an intimate understanding of sur- 
gical outcomes and current status of the penile defor- 
mity. Erectile capacity should be assessed initially as it is 
the key determinant in selecting the surgical technique 
and the preference between reconstructive surgery and 
penile prosthesis implantation. Other important factors 
to be assessed are the direction and severity of the cur- 
vature, presence of destabilizing hinge effect caused by 
severe indentation or hourglass deformity, and the 
patient’s expectations related to the outcomes of sur- 
gical interventions. An accepted reduction in penile 
length for every 30° of penile curvature is 1cm, so the 
preoperative size of the penis should be measured and a 
should be 


reconstructive surgery for men with a short penis and 


lengthening operation preferred as 


greater degrees of curvature. 
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A surgical algorithm for the treatment of PD 


Penile prosthesis implantation 
(Severe ED, ED non-responsive to medical treatment) 


Reconstructive surgery 
(No ED or ED responsive to medical 
treatment) 


Tunical shortening procedures Tunical lengthening procedures Severe curvatures 
severe deformityor shortening 
>2 cm tunical defect after plaque incision 
(curvatures <60° (curvatures >60° 
no destabilizing deformity prominent destabilizing deformity 
predicted length loss<20% severe penile length loss) 


| | 


1-Nesbit 1-Incision and grafting 1-penile prosthesis implantation alone (PPI) 
2-Yachia 2-PPI with modelling (if residual curvature >30 after PPI) 
3-Plication 3-PPI and grafting (if residual curvature >30 after PPI and modelling) 


4-PPI and shortening procedures (if residual curvature >30 after 
PPI and modelling 


Figure 26.1 A surgical algorithm for the treatment of Peyronie’s disease. 


The surgical treatment options available for PD 
involve different techniques, which can be divided into 
two main categories (Figure 26.1): 

1 Reconstructive surgeries are based upon either short- 
ening the convex side or lengthening the concave 
side of the TA, by incision or partial excision of plaque 
and use of different types of grafts for closure of 
defect. 

2 Penile prosthesis implantation with or without addi- 
tional procedures such as remodeling, plication, and 
grafting. 


Reconstructive surgery 

Tunical shortening procedures 

Tunical shortening procedures are recommended for 
men with satisfactory erectile function and curvatures 
less than 60-70° without any destabilizing deformities 
or hinge effect, and when the postoperative length loss 
is predicted to be less than 20% of the erect penile 
length as the difference in length (cm) between the con- 
cave and convex sides of the penis, measured from the 
peno-pubic junction to the tip of the glans penis dor- 
sally, and from the penoscrotal junction to the tip of the 
glans ventrally.'* Patients should be informed that 
penile length after surgery will be equal to the length of 
the concave side of the penis in all kinds of shortening 
procedures. 


Nesbit procedure 

Originally described by Nesbit in 1965, this method 
involves excision of an ellipsoid area of tissue from the 
TA at the opposite side of the penis to the most 
prominent point of curvature.** Naturally, shortening of 
the convex side of the penis is expected after closure of 
the defect. Depending on direction of the curvature, 
mobilization of the dorsal neurovascular bundle (NVB) 
or ventral corpus spongiosum is required. 

Mobilization of the NVB for the correction of ventral 
deformities can be achieved by medial or lateral dissec- 
tion of NVB depending on the experience of the sur- 
geon. In the latter, mobilization of the NVB is performed 
by two longitudinal lateral incisions on Buck’s fascia 
above the urethra at 5 and 7 o'clock positions. 
Alternatively, a medial dissection is performed in the bed 
of the previously resected deep dorsal vein.” A meticu- 
lous medial dissection with the help of surgical loupes 
should be preferred, preserving the NVB. Studies evalu- 
ating outcomes of the Nesbit procedure for different 
kinds of curvatures have reported success rates of penile 
straightening between 79% and 100%, with an overall 
patient satisfaction rate of 67-100%.**° In these series, 
penile shortening of up to 2.5cm was reported in 17.4- 
100% of the patients by Giammusso et al. In the largest 
series to date, involving 359 men who had undergone 
the Nesbit procedure, difficulty in achieving penetration 
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after surgery was reported in less than 2% of the patients. 
All men experienced penile shortening, with an 82% 
overall satisfaction rate.” A modified Nesbit technique 
was described by Schwarzer et al. in which flaps of 
tunica albuginea, freed from the underlying corpus cav- 
ernosum after U-shaped incisions without any tunical 
tissue removal, were placed under the remaining TA in a 
watertight fashion. The authors reported penile straight- 
ness and patient satisfaction rates of 94% and 86%, 
respectively, in 50 patients with 27 months mean follow- 
up, while penile shortening and erectile dysfunction 
were detected in 78% and 13% of the cases.*° 


Yachia procedure 

The Yachia procedure is a modification of the Nesbit 
technique that utilizes the Heineke—Mikulicz principle, 
whereby a single long incision or multiple small inci- 
sions are made longitudinally in the TA and subse- 
quently closed horizontally to shorten the convex side 
of the penis.*! Reported patient satisfaction rates after 
the Yachia procedure range between 78% and 100%.*7* 
Despite this, the procedure is not commonly used and 
the authors believe this operation should be within the 
surgical armamentarium of urologists dealing with 
sexual medicine. The major reasons for dissatisfaction 
with the Nesbit and Yachia procedures were the loss of 
penile tactile sensation (24%) and ED (12%) owing to 
elevation of the NVB and disruption of cavernosal integ- 
rity, respectively.” Nesbit surgery without circumcision 
has been suggested in one study with only one curva- 
ture recurrence and three paraphimoses out of 147 
patients.*° 


Plication procedures 

The penile plication technique, originally described by 
Essed and Schroeder, is the least invasive and thus the 
most commonly used surgical option for tunical short- 
ening. No absorbable sutures are placed over the convex 
side of the TA, and there is no need for excision of TA 
tissue or mobilization of NVB in order to achieve a 
straight penis.” Plication procedures result in penile 
shortening similar to that of the Nesbit and Yachia pro- 
cedures and are therefore recommended only in patients 
with adequate penile length and good baseline erectile 
function without any destabilizing deformity. Since the 
NVB is not mobilized, fewer complications, such as 
reduced penile sensation and retarded ejaculation, are 
seen in comparison with aforementioned techniques. 


In a quality-of-life assessment performed by Van der 
Horst et al., 28 men with PD who underwent plication 
were retrospectively evaluated after 30 months.“ 
Patients reported penile straightening, penile short- 
ening, postoperative ED, and sensory changes at rates of 
100%, 74%, 35.7%, and 28%, respectively, with an 
overall satisfaction rate of 67.8%. Similarly, Kadioglu 
et al. reported penile straightening in 14 of 15 men who 
had a preoperative mean penile curvature of 51° after a 
mean follow-up of 24 months.** All patients reported 
penile shortening and none complained of ED. In 
another series, more than 90% of patients reported 
penile straightening with a postoperative ED rate of 
approximately 10%.*”°° Gholami and Lue reported a 
16-dot (two pairs of plication) or 24-dot (three pairs of 
plication) plication technique, depending on the severity 
of the curvature, with minimal tension using multiple 
parallel plications.*! After a mean follow-up of 2.6 years, 
93% of 116 patients had straight erections and only 4% 
of them complained of decreased erectile function. 
However, recurrence of the curvature was observed in 
15% of patients, and approximately 41% of them com- 
plained of penile shortening - the most commonly 
encountered adverse outcome of plication surgery. In 
the most recent study investigating plication, straight- 
ening and good erectile function rates of 91% and 89% 
were achieved, while penile shortening (1.5-3 cm) and 
glans sensitivity reduction rates of 22.5% and 9% were 
reported in 89 PD patients.” 

The penoscrotal plication technique has been descri- 
bed for reconstruction of penile curvature in 45 men 
with PD.” The technique was performed with a 2-cm 
longitudinal incision at the penoscrotal junction opposite 
the direction of maximal curvature and carried down 
through Buck’s fascia to expose the TA, where parallel 
sutures were placed in vertical mattress fashion parallel 
to the urethra. Penile straightening was achieved in all 
patients, with an overall satisfaction rate of 93%. 
Despite evaluating a relatively small cohort of patients 
with limited follow-up (only 34 were performed within 
2 years), the technique described by the authors is 
promising since it is applicable for almost all curvatures, 
including severe or biplanar ones. The major advantage 
of the technique is the avoidance of circumcision to pre- 
vent distal ischemic and lymphatic complications. This 
technique has been performed recently for a larger 
patient population (n=102) with a severe or biplanar 
curvature in 43% of them and a similar follow-up time, 
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15 months. The rate of patients with residual curvature, 
erectile dsyfunction and penile shortening were 4%, 
14% and 14% respectively. 

Tunica albuginea plication (TAP), a modification of 
the Baskin-—Duckett procedure, is another procedure 
that merits a mention. In this technique, plication was 
performed by using suturing in an inverted fashion after 
tunical shaving. The plication is subsequently reinforced 
with several additional interrupted sutures in a Lembert 
fashion. Levine et al. evaluated the outcomes of the TAP 
technique in a cohort including 100 patients with a 
median curvature angle of 49° and reported that 93% of 
the patients had curvatures less than 30° after a median 
follow-up of 72 months.” Postoperatively, 3 months of 
traction therapy prevented objective length loss of 
1.5cm, as shown in the secondary study of Levine.” 

In summary, the major advantages of plication proce- 
dures are that they are simple, less invasive than other 
tunical shortening techniques, and are associated with 
better preservation of erectile function. However, poten- 
tial disadvantages of these procedures are: penile short- 
ening (especially after correction of curvatures greater 
than 60°, which may lead to shortening of up to 2cm); 
the need for mobilization of NVB, which may lead to 
NVB injury and more length loss in ventral curvatures; 
and augmentation of an existing hourglass deformity or 
hinge effect due to the need for longer plications.’ 
Consequently, plication techniques are currently more 
utilized because extensive surgical experience — except 
for ventral curvatures — is not needed. 


Tunical lengthening procedures 

The lengthening of the short side of curved penis is par- 

ticularly suggested to patients who have normal erectile 

capacity together with either 

l curvature rates greater than 60 degrees, 

2 hourglass deformity or 

3 expected penile length loss greater than 2 cm.” 

Grafts are applied to the defect caused by the incision of 

prominent point of the convex side of the penis in 

which the plaque resides and thus lengthening of the 

penis is achieved. Plaque incision is preferred to exci- 

sion because of the potential for cavernosal dysfunction 

with the disruption of the veno-occlusive mechanism. 
Although there are several different graft materials, 

the surgical technique is generally uniform. Following a 

circumferential degloving incision of the skin of the penis 

to expose the entire shaft, an intraoperative artificial 


erection is induced to measure the penile length and cur- 
vature. Medial or lateral dissection of the neurovascular 
bundle (NVB) may be preferred depending on the plaque 
location. While medial dissection performed through the 
bed of the dorsal vein following the removal of deep 
dorsal vein at the prominent point of curvature, is 
preferred for isolated dorsal plaques, lateral NVB dissec- 
tion may be required to achieve adequate lateral 
exposure in patients with lateral curvatures or hourglass 
deformities. NVB dissection should be carried out up to 
the healthy tissue (approximately 1cm) with medial or 
lateral dissection off the underlying TA under loupe mag- 
nification. The absence of any plaque attachment to the 
NVB is vital for the prevention of curvature recurrences. 

Subsequently, plaque incision is performed and graft 
material is positioned and sutured to restore tunical 
tissue integrity. Egydio et al. described the use of a 
single, almost complete circumferential-relaxing inci- 
sion instead of the traditional H incision, applying 
geometric principles; this is suitable for all kinds of cur- 
vatures. Four tripod-shaped forks of 120 ° produce a 
simpler configuration of the tunical defect, which allows 
for easy suturing of the graft during the procedure. This 
technique has potential to become the standard tech- 
nique for plaque incision in the future.” 


Graft materials 

Historically, three types of grafts have been described: 
autologous grafts; 
synthetic grafts.' Synthetic materials, including polyester 


allografts (or xenografts); and 


and polytetrafluoroethylene, are no longer used owing 
to increased rates of infection, fibrosis resulting from 
significant inflammation around the graft site with con- 
tracture, and risk of allergic reactions.” 

The definition of the ideal graft material is one that is 
pliable, inexpensive, resistant to infection, and able to 
preserve erectile capacity. The graft type is also deter- 
mined by the surgeon’s experience, patient preference, 
and the type of deformity. 

Although the choice of grafting material choice is 
associated with postoperative erectile dysfunction, pre- 
operative erectile capacity of the patient and interven- 
tion type are closely correlated with ED. Forty-six 
percent of the patients who underwent grafting surgery 
with cadaveric pericardium had significant reductions in 
erectile capacity (>6-point IIEF score reduction), and 
independent ED risk factors were reported as: (1) degree 
of preoperative curvature (>60°); (2) type of plaque 
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incision (Egydio); (3) patient age(>55); and (4) presence 
of cavernosal dysfunction. In another study comparing 
plication versus grafting, a higher ED rate in grafting 
procedures was shown in comparison with plication 
(21% vs 10%), although without statistical significance, 
and the only related comorbid disease was demon- 
strated to be DM.?”*8? 


Autologous grafts 

Autologous grafts are derived from the recipient of the 
graft. These grafts can provide the advantage of easy 
incorporation into host tissue with decreased incidence 
of local inflammatory reaction. A variety of materials 
are used including buccal mucosa, saphenous vein, pre- 
putium, dermis, tunica albuginea, tunica vaginalis, 
fascia lata, and rectus sheath. 

Replacement of the plaque with buccal mucosa was 
first reported in 2005. In animal experiments, buccal 
mucosa was better than vein, dermis, aponeurosis, and 
peritoneum in terms of elasticity, lengthening, and mor- 
phological properties of the graft. Cormio et al. studied 
15 patients who underwent plaque incision and buccal 
mucosa grafting, and reported 100% penile straight- 
ening with no postoperative ED after 13 months. 
However, disadvantages including oral numbness 
(16%) and tightness (32%) caused by tissue harvesting 
and potential inclusion cysts requiring secondary sur- 
gery were pitfalls in the use of this as a graft material.” 

Tunica albuginea from the patient’s own proximal 
crus may avoid immunogenic reactions and retraction 
of the graft due to fibrosis, and have potential to improve 
reported 
straightening in 26 of 31 patients; four patients had 


cosmesis. Schwarzer satisfactory penile 
minimal residual curvature. Despite immunogenic 
advantages, only small grafts can be obtained with this 
method involving surgery of the proximal crura. In a 
further study, 90% achieved penile straightening with a 
high patient satisfaction rate using crural grafts.°° 
Dermal grafts have a declining popularity as a result of 
high de novo veno-occlusive dysfunction rates with a 
reduction in tunical wall tension at the graft site. Some 
authors advocate the tight structure of the foreskin’s kera- 
tinized squamous epithelium for the prevention of caver- 
nosal dysfunction, but the small sample size of the study 
puts a limitation to the generalizability of the results.” 
Saphenous vein is the most commonly used graft 
material for tunical lengthening owing to the ease and 
reliability of harvesting, large surface area, and increased 


compliance with its thin vascular walls that can be per- 
fused from the corporal bodies. Moreover, it is hypothe- 
sized that the nitric oxide secreted from endothelium 
might prevent hematoma formation and improve erectile 
function. Since its initial application in 1993, several dif- 
ferent groups have used this technique, with high 
functional and anatomical success rates of 75% and 90%, 
respectively. While a straight penis is achieved in 75-96% 
of the patients, a postoperative ED rate of up to 25% may 
be observed. Kalsi associated de novo ED with high cur- 
vature (mean 75°), DM, and ischemic heart disease. 

In our series of 75 patients and mean curvature of 
60°, penile curvature was completely straightened in 
75.7% of patients with a residual curvature greater or 
lesser than 20° in 12.8% and 11.4% of patients, respec- 
tively. Other studies performed with saphenous vein 
grafting reported overall rates for successful penile 
straightening, penile shortening, and patient satisfaction 
in the following ranges: 72-96%, 17-40%, and 
88-100%, respectively.®! 

The worst results using saphenous vein were reported 
by Montorsi, with a 22% risk of ED, 100% risk of length 
loss, and 12% risk of persistent or recurrent curvature. 
In this study (with long-term follow-up) only 60% of 
the patients were satisfied with the surgery. While the 
ED rate of 22.5% was similar in Kalsi’s five year long 
follow-up study, length loss was reported only in 35% 
of the patients. In contrast 90% of the patients operated 
by UCSF group were satisfied with the results. Authors 
of this study recommend using strong non-absorbable 
monofilament sutures while avoiding unnecessary elec- 
trocautery, suction and extensive dissection of penile 
anatomic layers.°! 

Disadvantages of saphenous vein grafting include the 
need for a second incision, harvest site comorbidities (leg 
wound infection, hypoesthesia of the legs, and 
lymphocele), labor-intensive preparation, and penile 
complications (decreased penile sensation, retarded ejacu- 
lation, penile edema, bulging of the graft, and hematoma 
under the graft site). Advantages include: a greater general 
accumulation of experience; favorable tissue properties of 
veins; and a well-established surgical technique.*! 


Allografts and xenografts 

Allografts are extracellular matrix tissues isolated from 
the same species as the recipient, such as human cadav- 
eric pericardium or dermis, whereas xenografts are pro- 
cessed from animal tissues such as bovine pericardium or 
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porcine small intestinal submucosa (SIS). They allow host 
cell ingrowth with minimal inflammatory response. 

Mid-term outcomes of allograft surgery are similar to 
those of autologous grafts, with the advantages of a 
decreased operation time and the absence of tissue har- 
vesting, meaning no harvest-site complications.'* For 
this reason, there is a current tendency for surgeons to 
use allografts. Among these materials, pericardium is 
the most commonly used graft type. 

Bovine pericardium has a rate of 88% for complete 
penile straightening, with 3% of recipients reporting 
glans hypoesthesia, and no erectile dysfunction. 
Studies with human cadaveric pericardium reported 
similar penile straightening success rates of 56-98%, 
with penile shortening rates of 0-33%. Overall satisfac- 
tion rates in these studies ranged between 73% and 
98%. In a study investigating partial plaque excision 
with processed cadaveric pericardial grafting (follow-up 
5 years), 92% achieved penile straightening, 47% suf- 
fered penile length loss, and a 24% risk of ED was 
reported, leading to a satisfaction rate of 76%. Thus, 
pericardium, either bovine or cadaveric, is the most 
widely used off-the-shelf biomaterial with satisfactory 
short- to mid-term outcomes. These clinical results were 
supported by an animal study in which cadaveric peri- 
cardium, dermis, vein, and synthetic grafts were com- 
pared in terms of fibrosis and erectile dysfunction in 
rats; no significant difference was reported.” 

Small intestinal submucosa (SIS) is another acellular 
biomaterial consisting of stratum compactum of tunica 
mucosa, tunica muscularis mucosa, and submucosa of 
porcine jejunum. Initially used by Knoll in 2001, 
lyophilized porcine 4-layer SIS graft achieved straight- 
ening in 92% of patients. In a study using porcine 
4-layer SIS grafting, the reported rates of straightening, 
adequate erectile capacity, and prevention of penile 
length loss were 91%, 79%, and 5%, respectively, 
without any further complications. In contrast, high 
rates of recurrent curvature and plaque (37% and 
25%), graft site hematomas (25%), and infection were 
observed after l-layer SIS grafting by Breyer. Poor 
results were reported in another study investigating 
4-layer SIS, with penile straightness in only 67%, with 
11% experiencing ED and 25% penile shortening.™ In 
another study reporting on long-term outcomes of 
xenografting (bovine pericardium and 4-layer SIS), the 
initial satisfaction rate of 80% decreased to 35% over 
the term.” 


Cadaveric fascia lata is another biologically stable 
graft material with enough mechanical strength and 
available in a range of sizes. While penile straightening 
was achieved in 78% of the patients, penile shortening 
and de novo ED rates were reported to be 28% and 7%. 
The outcomes of autologous dermal, cadaveric fascia 
lata, and 4-layered SIS grafting were compared in 
another study. Self-reported resolution of penile curva- 
ture was noted in 60% of dermal, 100% of cadaveric 
fascia lata, and 76.9% of 4-layer SIS graft recipients. 
Meanwhile, patient satisfaction was higher in cadaveric 
fascia lata (92%) and 4-layer SIS (84.6%) in comparison 
with dermal grafts. Thus, the authors suggested using 
cadaveric fascia lata based on their comparative study. 
Accordingly, among allografts and xenografts, pericar- 
dium and 4-layer SIS are the currently available options 
with satisfactory clinical outcomes. Of note, among allo- 
graft materials the use of dura mater, despite its high 
success rates, has been abandoned due to the probability 
of development of slow viral and prion infections.“ 


Penile prosthesis implantation 

Penile prosthesis implantation (PPI) is the standard 
procedure for men with PD and concomitant ED that 
does not respond to medical treatment.'*' Both malleable 
and inflatable implants are available, but inflatable pros- 
theses are associated with higher functional satisfaction 
and lower persistent curvature rates. Indeed, Montorsi 
et al. reported a patient satisfaction rate of only 48% in 
48 men 5 years after they underwent malleable pros- 
thesis surgery, while there are several studies of inflatable 
penile prostheses reporting success rates ranging between 
84% and 100%.‘ Generally, pubic or penoscrotal inci- 
sions are preferred for the insertion of inflatable penile 
prostheses, according to the surgeon’s experience. After 
cavernotomy, Hegar dilators can be used to dilate the cor- 
pora before insertion of the prosthesis. 

In patients with mild curvatures (<30°), penile 
straightening can be achieved with the implantation of 
a prosthesis alone. If considerable penile curvature 
(>30°) persists after PPI, there are several further 
options, including manual modeling, plaque incision 
with or without grafting, and plication.’ PPI combined 
with manual modeling can result in penile straightening 
in more than half of patients, but up to 20-30% of men 
with significant residual curvature require additional 
plaque surgery (incision with or without grafting, plica- 
tion) in order to achieve a straight penis.***’ Grafting is 
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generally recommended if the incision creates a tunical 
defect greater than 2cm, in order to decrease the risk of 
contracture owing to fibrosis. However, we tend to close 
the tunical defect with grafted tissue, regardless of its 
size, in order to prevent formation of hematoma, infec- 
tion, and herniation of the cylinders. 

A range of autologous and allograft or xenograft tis- 
sues such as pericardium can be used in prosthetic sur- 
gery, but autologous rectus fascia and saphenous vein 
are the most widely used. Dermal grafts had fallen out 
of favor because of high infection rates in synchronous 
penile prosthesis implantation. Autologous rectus fascia 
was used in 18 men undergoing incision of plaque and 
grafting after PPI, and reported curvature recurrence 
was an acceptable rate of 5%.** The major advantages of 
autologous rectus fascia are its resistance to ischemia 
owing to low metabolic demands, and the fact that 
tissue harvesting can be performed without an addi- 
tional incision if a pubic incision is used for implantation 
of the prosthesis. Austoni et al. reported the outcomes 
of 145 patients undergoing three-piece inflatable PPI 
using a relaxing incision and grafting with saphenous 
vein. After 13 months, 80 patients reported satisfaction 
in terms of penile straightening and sexual function.” 

In a further study with 105 PD patients, Egydio per- 
formed penile prosthesis implantation with concomitant 
penile lengthening and girth restoration through circular 
and longitudinal incisions in the tunica albuginea followed 
by pericardial grafting. After a mean follow-up time of 
18.2months, a patient satisfaction rate of 89.4% was 
achieved, with 3.6cm of penile lengthening, and 99% hav- 
ing successful sexual intercourse.” Meanwhile, Rolle et al. 
described a similar combined penile prosthesis and grafting 
technique called “sliding,” in which porcine SIS tissue was 
grafted on both dorsal and ventral sides of the defect. The 
mean increase in penile length was reported to be 3.2cm 
and all the patients were able to have sexual intercourse.” 

Based on the results of these studies, the preference of 
graft material for use in conjunction with penile pros- 
theses mostly depends on the experience of the surgeon 
and cost-effectiveness. 


Conclusion 


Medical therapy may be administered for Peyronie’s 
disease in the early phase, and the efficacy of the 
should be evaluated by 
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improvement. No significant improvement in curva- 
ture has been demonstrated in placebo-controlled 
studies for oral treatments. While interferon and col- 
lagenase treatment seems to be the best alternative in 
the non-surgical treatment group, with significant 
improvements in curvature, intralesional verapamil 
treatment, iontophoresis, and other options require 
further investigation. 

Surgical treatment is the gold standard treatment 
option for men in the chronic phase of PD with dis- 
abling penile deformity and/or concomitant ED. Surgical 
approaches can be categorized as reconstructive sur- 
geries (penile shortening or penile lengthening) or PPI. 
Erectile function should be assessed initially as it is the 
key determinant in the choice of surgical technique, fol- 
lowed by the direction and severity of the curvature, 
presence of destabilizing hinge effect caused by severe 
indentation or hourglass deformity, penis size, and 
patients’ expectations related to the outcomes of sur- 
gical interventions. 

Among the tunical shortening procedures, penile pli- 
cation is a less invasive option that is relatively easy to 
perform in comparison with Nesbit and Yachia proce- 
dures. Lengthening procedures should be reserved for 
severe curvatures and complex deformities; saphenous 
vein and cadaveric pericardium are the most reliable 
graft materials. 

For patients with PD and associated ED who are non- 
responsive to medical treatment, PPI is the standard of 
care. However, additional interventions such as manual 
modeling, tunical plication, plaque incision, and grafting 
might be required to obtain complete penile straight- 
ening. If these maneuvers fail to correct the deformity, 
grafting with autologous rectus fascia and cadaveric 
pericardium or 4-SIS can be considered. Although it is 
well-known that PD is a heterogeneous condition and 
no single procedure applies to all patients, the surgeon 
must choose the type of operation according to his or 
her own individual experiences as well as the preference 
of the patient. Since the ideal graft material is not avail- 
able, reported outcomes are variable due to the sur- 
geon’s experience and material availability. Autologous 
grafts, especially saphenous vein and pericardial (both 
human and bovine) grafts, are the mainstream candi- 
dates for grafting, with their high success rates. Future 
directions of PD treatment are potentially stem- 
cell-enhanced grafts and other potentially minimally 
invasive treatments. 
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Introduction 


It is estimated that over 15,000 penile implant surgeries 
are performed annually in the United States.'! While the 
advent of phosphodiesterase inhibitors (PDEIs) has 
changed the medical management of erectile dysfunction 
(ED), and their use is often seen as first-line therapy, for 
many men, penile implant surgery is the definitive 
treatment for ED. Indications for penile implant surgery 
include men with ED refractory to medical management, 
severe Peyronie’s disease, and recurrent ischemic pria- 
pism. Penile implants have gone through multiple itera- 
tions in the last four decades, and because of their 
reliability, functionality, and high patient satisfaction 
rates, inflatable penile prostheses (IPPs) are the most 
common type of implant performed today. Preoperative 
counseling is important for patients undergoing penile 
implant surgery, and a thorough discussion of risks and 
outcomes is warranted in order to appropriately guide 
a patient’s expectations. Perioperative complications 
include infection, mechanical malfunction, erosion or 
perforation, incorrect sizing of the device, autoinflation, 
urethral injury, and, rarely, vascular or bowel injury. 
Reported outcomes have shown high patient and partner 
satisfaction rates.’ In this chapter, we will review the indi- 
cations for implant surgery, the types of implants, periop- 
erative considerations, complications, and outcomes. 


Indications 


Epidemiological studies have estimated that more than 
50% of men aged 40 to 70 have some form of ED, and 
nearly half of men in the seventh decade of life have 


moderate to severe ED.’ It is estimated that nearly 
620,000 Caucasian men aged 40-69 years will develop 
ED each year in the United States.* The introduction of 
PDEIs, beginning with sildenafil in 1998, changed the 
landscape of treatment for ED. While more men could 
be offered oral therapy for ED, an initial study showed 
the rates of penile implant surgery in the post-PDEI era 
were not significantly different, and, in fact, it was 
postulated that the rates of implant surgery may even 
rise as more men became aware of treatments for ED or 
failed PDEI treatment.’ 

The main indication for penile implant surgery is 
ED refractory to medical management. This group 
also includes men with ED after radical pelvic surgery, 
including radical prostatectomy. Medical therapies 
include PDEIs, intracavernosal injections (ICI), vacuum 
erection devices (VEDs), and/or intraurethral supposi- 
tories. While PDEIs are considered first-line treatment 
for ED, about 30-40% of patients will not respond to 
sildenafil, vardenafil, or tadalafil.*” Second-line treat- 
ments often have high failure or withdrawal rates. In 
one recent study of discontinuation rates of ICI in men 
who had previously failed PDEIs, nearly 80% of men 
discontinued ICI treatment for a variety of reasons, 
including pain, inconvenience, poor response, and 
adverse events.* In one prospective study of couple sat- 
isfaction rates among 354 couples undergoing treatment 
for ED with either PDEIs, ICIs, VEDs, testosterone, or 
penile implant surgery, VEDs showed the lowest rates of 
mean total satisfaction score, end score, and percentage 
change in all domains of International Index of Erectile 
Function (IEF) scores.’ Even in patients who are post- 
nerve-sparing radical prostatectomy (RP) for prostate 
cancer, it is estimated that 20-80% will not have 
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erections satisfactory for penetration. In a SEER- 
Medicare database analysis of 15,811 men undergoing 
RP for prostate cancer, 2.3% underwent penile implant 
surgery.'’ Encouragingly, satisfaction rates for penile 
implant surgery are high in the post-RP group.'*""* 
Severe Peyronie’s disease, or Peyronie’s disease con- 
comitant with ED, is also an indication for implant 
surgery.'*'® In the man with significant fibrosis and cur- 
vature to the penis, penile plication or plaque incision 
and grafting may not provide enough correction in cur- 
vature to provide a functional outcome. In these cases, 
performing an IPP with associated modeling or plaque 
incision should be considered as first-line treatment.'® 
A more recent development has been the promotion 
of IPPs in men with refractory ischemic priapism. In 
men with recurrent episodes of ischemic priapism, or 
who have episodes lasting greater than 36 hours, rates 
of ED are high, ranging from 54% to 100% depending 
on duration." While some of these men may pursue 
an elective penile implant in the future, scarring and 
fibrosis that develop in the long term in patients who 
have had recurrent priapism may cause penile short- 
ening or make primary implant more difficult. In order 
to prevent the cycle of recurrent trips to the ER requiring 
procedures, limit fibrosis and penile shortening, and 
treat the nearly inevitable ED, immediate insertion of a 
penile prosthesis in cases of delayed or refractory 
ischemic priapism has been studied.'’**! A study by 
Ralph reported a 96% satisfaction rate among 50 
patients undergoing immediate insertion of a penile 
prosthesis (43 malleable, 7 inflatable three-piece) for 
delayed or refractory ischemic priapism, with a 6% 
infection rate.?! Concerns over this aggressive treatment 


include the potential for a higher complication rate 
in the acute setting, and future costs associated with 
mechanical failure rates in what are usually young 
patients. 


Types of prostheses 


Multiple types of prostheses are available, including 
semirigid and malleable prostheses, two-piece inflatable 
prostheses, and three-piece inflatable prostheses. Since 
the original development of the inflatable penile pros- 
thesis by Scott et al. in 1973 and the Small—Carrion 
silicone prosthesis in 1975, penile implants have gone 
through multiple revisions such that the three-piece 
inflatable penile prosthesis is the most popular device 
inserted today.**”* Table 27.1 lists the currently available 
penile prostheses and the two major manufacturers: 
American Medical Systems (AMS; Minnetonka, MN), 
and Coloplast Corporation (Humlebaek, Denmark). 

A semirigid prosthesis can be either a malleable or 
mechanical device that is inserted into the penis to pro- 
vide rigidity. They have the advantages of being mold- 
able into different orientations depending on the need 
(e.g., intercourse, voiding, or hiding under clothes), low 
requirements for manual dexterity, low mechanical fail- 
ures, and a simpler insertion process for the surgeon.*4 
Disadvantages include the constant erect state of the 
penis, a less rigid erection than an inflatable device, less 
flaccidity, and perhaps a higher rate of erosion.” Older 
iterations of the malleable prosthesis by AMS included 
the 600, 650, and Dura II prostheses, but these have 
been discontinued in favor of the newer Spectra™ 


Table 27.1 Available penile prostheses. 


AMS Coloplast Others 

Semirigid Spectra Genesis Promedon Tube (Argentina) 
HR Penile Prosthesis (Brazil) 
Silimed (Brazil) 
Jonas ESKA (Germany) 
Virilis I/II (Italy) 
Shah (India) 

Two-piece Ambicor Excel 

Three-piece 700 CX Titan 


700 CXR 
700 LGX 


Titan narrow base 
Titan OTR 
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device. The AMS Spectra is a blending of the features of 
the older models. Its cylinders have a durable silicone 
core and a spring loaded design to improve ease of use, 
along with the ability to conceal the device at a 7° angle. 
Three cylinder diameters and lengths are available, and 
rear tip extenders can be utilized to adjust device size 
based on penile length. Coloplast markets the Genesis™ 
malleable prosthesis, which has a hydrophilic coating 
that can be soaked in antibiotics in an attempt to reduce 
infection rates. The Promedon Tube from Argentina is 
another malleable prosthesis composed of a silver core 
that has different rigidities along its length.?°’”? The 
Silimed™ malleable device from Brazil is a silicone elas- 
tomer with a silver core.” The HR Prosthesis from Brazil 
comes in two models: a malleable device with a steel 
core and another with a silver core.” The Virilis implants 
from Italy are variations on the same theme: a soft 
silicone base that is slightly more rigid in the distal 
third of the Virilis II when compared to the Virilis I.” 
A unique feature of this model is that given the com- 
pletely soft silicone elastomer and lack of a silver core, 
the corporal bodies can be displaced rather than 
destroyed during placement, which perhaps allows a 
more physiologic erection.” The Shah implant from 
India is a silicone non-malleable device with four dis- 
tinct areas of rigidity and removable sleeves that allow 
diameter adjustments.?’ 

The two-piece inflatable devices currently available 
on the market include the AMS Ambicor™ and the 
Coloplast Excel™. With these devices, a pump is placed 
in the scrotum, and inflatable cylinders are placed in 
each corpus. Advantages to these devices include good 
rigidity, more flaccidity when compared to a malleable 
device, and an easier insertion when compared to a 
three-piece implant given that no abdominal incision 
is needed and the device is pre-connected and pre- 
filled. Disadvantages include less flaccidity when com- 
pared to a three-piece inflatable device, and the 
possibility of mechanical malfunction and the need for 
some manual dexterity as compared to a malleable 
device. The AMS Ambicor™ is inflated by squeezing on 
the pump, and the device is deflated by compressing 
the penis. The fluid reservoir is located in the base of 
each cylinder. Multiple diameters are available, and 
rear tip extenders can be used to adjust the fit for 
penile length. The Coloplast Excel™ is similar in its 
design, though the Resipump™ in the scrotum acts as 
both the pump and reservoir. A hydrophilic coating is 


present on the Bioflex polymer base that allows for 
soaking in antibiotic solution. 

The three-piece inflatable penile prosthesis is the 
most commonly implanted of all types of prostheses. 
Given the relatively similar infection and malfunction 
rates of semirigid devices and three-piece IPPs, there are 
few advantages to placing a semirigid device over a 
three-piece implant. Modifications in design of three- 
piece IPPs, including plastic connectors replacing 
stainless steel connectors, non-kink tubing, Teflon input 
sleeves, multiple layer cylinders, and single design 
construction, have decreased mechanical malfunction 
rates from over 30% to less than 5%. These devices con- 
sist of cylinders placed into each corpus, a pump in the 
scrotum, and a fluid reservoir in the abdomen. Fluid 
(usually saline but can be a water/contrast mixture) is 
drawn from the reservoir into the corporal cylinders by 
pumping on the scrotal pump. Three-piece IPPs are able 
to provide a more natural appearing and feeling erec- 
tion as compared to the other implants, and they are 
able to provide for greater flaccidity. Furthermore, they 
can provide girth and in some cases length expansion. 
The Coloplast Titan™ line (Titan, Titan OTR, Titan 
narrow base) and the AMS 700 MS series (CX, CXR, 
LGX) are the available devices. The Coloplast Titan™ 
consists of paired cylinders made of Bioflex attached by 
silicone tubing to a scrotal pump and an abdominal res- 
ervoir. The device is activated by squeezing the scrotal 
pump, and fluid is drawn into the cylinders to provide 
rigidity and girth to the penile shaft. If the corpora are 
narrow, the narrow base model is used. The Titan OTR™ 
provides for ease of deflation by allowing the patient to 
deflate the cylinders with one hand rather than using 
two hands. The device has a hydrophilic coating that 
allows for soaking in solutions (e.g., antibiotics) in order 
to reduce infection rates. A lock-out valve is present to 
reduce autoinflation rates. The AMS 700 MS series con- 
sists of three models: the CX, CXR, and LGX. The CX 
provides for girth expansion, and the CXR allows girth 
expansion in patients with a narrow corporal body. The 
LGX (formerly Ultrex) provides for girth and length 
expansion of 1-4cm postoperatively.” Notably, the 
AMS 700 series is coated in a proprietary combination 
of rifampin and minocycline called Inhibizone™ that 
elutes into the peri-device space postoperatively, and 
this feature has helped to significantly reduce infection 
rates.” A lock-out valve is present in these models, as 
well as the Momentary Squeeze™ pump, which allows 
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a user to press the release button once and then squeeze 
the cylinders for deflation (rather than performing both 
simultaneously). 


Preoperative counseling and 
surgical planning 


When discussing preoperative expectations with a 
patient and partner, it is important to set appropriate 
expectations for outcomes. Many patients see an IPP as 
the key to a return to a firm, natural erection they may 
have had in the past. Counseling a patient that the IPP 
produces a rigid, erection-like state is critical to 
improving postoperative satisfaction. Furthermore, 
there is no additional firmness provided to the glans 
penis. We are cautious in our approach to telling patients 
about length expansion with some models, and more 
often than not, a patient may notice a shortening of his 
penis postoperatively. Stretch penile length preopera- 
tively is usually a good estimate of postoperative size. 
Being clear about the difference between erection, 
emission, and orgasm is paramount, as an IPP can only 
provide an erection-like state rather than an improve- 
ment to emission or orgasmic sensation. Regardless of 
these limits, overall patient and partner satisfaction with 
a variety of these devices remains high.*?’* It is helpful 
to have a model of each of the implant types in order to 
improve patient understanding. The differences in flac- 
cidity may also influence a patient’s choice in prosthesis, 
as men who wear tighter clothing or shower in public 
may prefer the improved flaccidity of a three-piece 
device. Similarly, patients with severe Peyronie’s dis- 
ease, patients undergoing repeat implant surgery, or 
patients with peripheral neuropathy or other risks 
factors for extrusion (e.g., spinal cord injury) may be 
better suited for a three-piece device because of lower 
intracavernosal pressures during deflation that may 
reduce risk of erosion. A malleable device may be more 
suitable for a man who does not need the benefits of 
inflation and deflation, such as a male patient who 
needs the rigidity to help with placement of an external 
urinary collection device, a patient with poor manual 
dexterity, or the severely obese male. 

Implantation can be done on an outpatient or 
overnight-stay basis under general, regional, or spinal 
Association 


anesthesia. The American Urological 


recommends the administration of preoperative 


prophylactic antibiotics during open prosthetic surgery.” 
Most patients who remain overnight are discharged the 
next day. Postoperative pain is usually managed with 
narcotics, and a dorsal penile nerve block at the time of 
surgery has been shown to improve postoperative pain 
control.** Patients are advised to refrain from using the 
device for 4 to 6 weeks and until cleared to do so at a 
follow-up appointment, where device activation is per- 
formed and instructions on use are given. In the case of 
the Ambicor and three-piece IPPs, patients are given a 
silicone model of the pump to go home with that allows 
them to better understand the anatomy of the pump 
and thus hopefully improve patient comfort and ease 
of use. 

Counseling on complications is critical when discuss- 
ing surgery with a patient. One of the most feared com- 
plications of penile prosthetic surgery is infection. The 
mechanical design improvements noted previously, 
along with the rise of antibiotic resistance, have now 
made infection a more common reason for device revi- 
sion when compared to historical rates of revision for 
mechanical malfunction. Almost invariably, a postoper- 
ative infection requires complete explant of the device. 
This can be devastating for the patient. If a new pros- 
thetic cannot be inserted at the same time as explant of 
the old device, then corporal fibrosis and scarring ensue 
that make a future reimplant more difficult. Penile 
shortening is typical, and more aggressive dilating 
maneuvers may be needed that increase the risk of asso- 
ciated complications like urethral injury or device 
erosion. Furthermore, higher rates of infection in revi- 
sion surgery have been noted.*’ Prevention of infection 
is thus paramount to improving patient outcomes. The 
patient should be examined for any evidence of infec- 
tion at the planned surgical site or at distant sites, and if 
present they should be treated. A sterile urine culture is 
of utmost importance, and a Foley catheter should be 
placed intraoperatively in patients with a risk of urine 
spillage. One can consider a preoperative bath with an 
antimicrobial agent like chlorhexidine, though most 
studies have shown a reduction in colony counts on the 
skin rather than reduced infection rates.***? Hair 
removal, if necessary, should be done immediately prior 
to surgery rather than the night before based on mul- 
tiple studies showing lower infection rates if performed 
immediately prior to surgery, and while many hospitals 
have mandated the use of clippers rather than straight 
razors, the Sexual Medicine Society of North America 
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(SMSNA) advises that surgeons should have a choice to 
use razors given the decreased tissue trauma and similar 
infection rates.*°“? With regards to the preoperative skin 
prep agent, studies in surgery have shown a reduction 
in surgical site infections with chlorhexidine-alcohol- 
based solutions as compared to povidone-iodine solu- 
tions, and a study on infection rates in genitourinary 
prosthetic surgery showed reduced colony counts in 
patients prepped with chlorhexidine-alcohol solu- 
tions.*** The “no-touch” technique has also been advo- 
cated as a stringent method to reduce infection rates: By 
placing a drape over the field that limits contact bet- 
ween skin and prosthesis, the infection rate was reduced 
from 2.23% to 0.73% and from 2.0% to 0.46% in two 
separate studies.***° While most SMSNA surgeons send 
patients home with prophylactic antibiotics after penile 
implant surgery,” there are no studies showing a 
reduction in infection rates with this protocol, and cer- 
tainly in the era of increasing bacterial resistance to 
antimicrobials, more study is needed here. 


Surgical technique 


Meticulous sterile prep is performed after induction of 
anesthesia. Many implanters use a 10-minute prep with 
povidone-iodine, but a 2-minute prep with chlorhexi- 
dine-alcohol scrub has been shown to reduce skin 
colony counts to lower levels without any increased 
risk of prosthetic infection or urethral or skin 
complications.“ 

Penile implants can be placed through a perineal, sub- 
coronal, infrapubic, or penoscrotal approach. The peri- 
neal approach was used historically for semirigid 
implants, but it is rarely used today as the rate of infec- 
tion is higher given the nearness to the anus and the dis- 
section required is more significant. The subcoronal 
approach is typically reserved for malleable implants due 
to the ease of dilation, closure, and rod placement, but 
patients should be counseled on the risk of glans sensa- 
tion loss and postoperative edema from lymphatic 
obstruction distal to the incision with this technique. 
The penoscrotal approach is used for two-piece devices 
because no abdominal reservoir is needed. The penoscro- 
tal and infrapubic techniques are the most commonly 
used methods for implantation of three-piece IPPs. 

With the subcoronal approach for a malleable implant, 
a Foley catheter is placed, and a 180° transverse incision 


is made about 1cm proximal to the coronal sulcus on 
the dorsal shaft. The dartos tissues are mobilized to pull 
the penile skin midway down the penis. Care is taken to 
avoid injury to the dorsal neurovascular bundle on each 
side, which is present within Buck’s fascia. The corpora 
are identified bilaterally and 2-0 absorbable, synthetic 
tagging sutures are placed in each corpus lateral to the 
neurovascular bundle. An incision can be made either 
longitudinally or transversely in the corporal body, with 
the former perhaps reducing risk of injury to the neuro- 
vascular bundle. The corpora are dilated, beginning 
with Metzenbaum scissors, and then moving on to 
Hegar, Brooks, or Dilamezinsert dilators of the appro- 
priate diameter. A Furlow inserter is used to measure 
corporal length, and the implant is placed first proxi- 
mally and then distally. A vein retractor placed under 
the distal corporal incision is helpful to allow placement 
of the distal cylinder. The corpora are closed with the 
tagging sutures, followed by the skin incision. A penile 
block can be performed, followed by placement of a 
non-compressible dressing. 

The infrapubic approach has the distinct advantage of 
allowing the user to the place the reservoir under direct 
vision into the desired space. A distinct disadvantage as 
compared to the penoscrotal technique is the risk of 
injury to the dorsal neurovascular bundle and decreased 
distal penile sensation. If desired, a dorsal penile nerve 
block is performed prior to the placement of any inflat- 
able device. A horizontal incision is made a finger 
breadth below the pubic symphysis. Dissection through 
the subcutaneous tissues is performed to the rectus 
fascia. The fascia is incised horizontally and the rectus 
muscle is split in the midline. Tagging sutures can be 
placed in the fascia at this time to avoid inadvertent 
injury to the reservoir after later placement. A pocket is 
bluntly created below the rectus muscle that allows for 
comfortable insertion of the reservoir. Dissection is now 
turned toward the corpora cavernosa. As dissection is 
performed here, it is important to identify the neurovas- 
cular bundle, which usually sits 2-3 mm lateral to the 
deep dorsal vein. Once dissection to the corporal bodies 
has been completed, tagging sutures are placed, and a 
corporotomy incision is made. Dilation is performed 
using the preferred technique, and corporal mea- 
surement with the Furlow is performed with the traction 
sutures as the reference point. Once cylinder size is 
determined, the implant is positioned, and the corpo- 
rotomy is closed. The device should be inflated by 
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Figure 27.1 Typical setup for an 
inflatable penile prosthesis (IPP) 
placement with the AMS 700 LGX 
device. 


instilling fluid through the cylinder input tubing to 
check for proper positioning, size, and inflation. The 
pump is placed by putting a finger in the most dependent 
portion of the scrotum lateral to the right or left testicle, 
and then pushing this skin up towards the external ring. 
A subcutaneous pouch is developed, the pump is placed 
here, and a Babcock clamp is used to hold it in place. The 
reservoir is positioned in the previously created pocket 
and filled with fluid. The tubing is then connected and 
the device is inflated and deflated multiple times to check 
for satisfactory placement. The fascial defect is closed, 
followed by the subcutaneous tissues and skin incision. 
The penoscrotal approach is the most commonly used 
technique for implant placement given the comfort of 
most urologists with anatomy in this area. Figure 27.1 
illustrates the typical setup for prosthesis placement. It 
has the advantages of better corporal exposure, no risk 
of injury to the dorsal neurovascular bundle, and ease of 
pump placement. The main drawback is the blind 
placement of the reservoir into the abdomen, especially 
in patients with prior abdominal or pelvic surgery. 
Scarring in this area can make placement more difficult 
or lead to untoward complications because of anatom- 
ical changes. While placing the reservoir in the prevesi- 
cal space has been shown to be safe in these cases,** 
alternate reservoir placements can be utilized through 
separate incisions.“ A Foley catheter is placed to aid 
in visualization of the corpus spongiosum during dissec- 
tion. A transverse or longitudinal incision is made at 
the base of the penis on the anterior scrotum. A Scott 
retractor can be utilized to help with exposure. 


Dissection is carried out to the corporal bodies, tagging 


sutures are placed, and the corporotomies are made. 
Dilation is performed and sizing is completed. The cylin- 
ders are positioned appropriately, and the pump is 
placed in the dependent scrotum. The reservoir is usu- 
ally placed by identifying the external inguinal ring, and 
staying medial to the spermatic cord, the transversalis 
fascia in the posterior wall of the inguinal canal is 
punctured. Sharp and blunt dissection is used to create a 
pocket in the space of Retzius, and the reservoir is placed 
and filled. Tubing is connected, the device is tested, and 
incisions are closed. It is important to ensure the tubing 
is dunked within the dartos tissues in order to prevent it 
from riding up onto the base of the penis, which for 
many men can cause functional penile shortening. 
Postoperatively, devices are left deflated for 4 to 6 
weeks. Patients are advised to massage the pump gently 
down into the scrotum starting 1 week after surgery in 
order to reduce the risk of pump migration cephalad. 
The device is activated in clinic and patients are edu- 
cated on use. Men are advised to inflate and deflate the 
device at least daily for the first 4 weeks after activation 
in order to permit tissue expansion around the implant. 


Complications 


Mechanical failure 

Mechanical failure is less a complication than a reflec- 
tion of the mechanical nature of the device. Five-year 
survival rates range from about 84% to 94%, and 
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10-year estimates of roughly 77.6% to 85% survival 
have been documented.2!2333-58 


Infection 

Mechanical failure rates have been significantly reduced 
by improvements in prosthesis design such that infec- 
tion and erosion are more common complications.” 
Virgin implants have infection rates around 1-3%,”° 
while revision surgery has a higher risk of infection: 
6.7-18%.° The introduction of the hydrophilic coating 
on the Coloplast models and the Inhibizone™ coating 
on the AMS models has led to significant reductions in 
infection rates when compared to historical data.*!** 
Most infections are felt to be related to contamination of 
the prosthesis with skin flora at the time of surgery.** 
Other documented risk factors include spinal cord 
injury, diabetes mellitus, concomitant urologic surgery, 
urinary tract infection, immunosuppression, and distant 
sites of infection.®° Staphylococcus epidermidis is the most 
common offending agent, but more virulent organisms 
like Pseudomonas aeruginosa, Escherichia coli, Serratia marc- 
escens, Enterococcus species, Proteus mirabilis, and methi- 
cillin-resistant Staphylococcus aureus (MRSA) have been 
documented.**** Anecdotally, we have seen more 
infections with fungal organisms like Candida albicans at 
our institution, especially in the revision cases. 

Most infections occur within 1 year after surgery, and 
a majority of those are within 7 months after surgery.‘ 
Clinically apparent infections present with fever, indu- 
ration, erythema, and purulent drainage, and eventu- 
ally lead to device erosion. Infections that occur shortly 
after surgery are usually caused by more virulent organ- 
isms rather than S epidermidis. Treatment requires device 
explantation. More often, patients develop a subclinical 
infection that presents with chronic, dull pain over the 
device and perhaps fixation of the pump to the scrotal 
skin. These infections can be hard to diagnose and treat. 
Some groups have recommended long-term antibiotic 
therapy in these patients in an effort to avoid revision 
surgery. 6? 

The importance of biofilm in the development of 
prosthetic infections has been recently elucidated. A 
biofilm is a survival mechanism via which organisms 
secrete a slimy matrix that prevents phagocytosis, 
inhibits antibiotic diffusion, limits the immune response 
to the organism, and traps nutrients.” Silverstein noted 
that 8 out of 10 clinically uninfected prostheses removed 
for mechanical failure had biofilm present, and a 


multicenter study of penile prosthesis cultures during 
revision surgery for reasons other than infection found 
that 70% of patients had positive cultures from the 
prosthesis.” Infections become clinically evident 
when the bacteria become planktonic and are released 
from the biofilm, and device removal is currently the 
only method for eradication.” This can clearly be a dev- 
astating complication for the patient for the reasons 
noted earlier. 

Because of the difficulty associated with delayed 
replacement of a penile prosthesis after removal for 
infection, urologists have investigated the role of sal- 
vage surgery that involves removal of the infected 
device and immediate replacement of a new prosthesis. 
The infected device is removed, the device spaces are 
irrigated with a sequence of antibiotic, hydrogen per- 
oxide, and povidone-iodine solution, gloves and instru- 
ments are changed, and a new device is implanted.” 
Long-term data with this salvage protocol showed an 
84% (85/101) success rate.’* Despite a study showing 
some promising results, because of the risk of bacterial 
migration along device components, most surgeons rec- 
ommend against removing only the infected compo- 
nent of the device.” The critical component of this 
salvage procedure is felt to be the manual irrigation that 
breaks up the biofilm and eradicates it from the tissue. 
Consequently, in a study of 21 patients who had infected 
prostheses, one group showed that a salvage protocol 
using 10-12 liters of normal saline irrigated in the 
explanted spaces can have a 100% success rate at a 
median 1-year follow-up.” 


Erosion or perforation 

Perforation of the corporal bodies can occur both proxi- 
mally and distally. Proximal perforation occurs during 
dilation when the dilator perforates the corporal body 
and protrudes into the perineum. In most cases dilation 
of the proper plane with larger dilators can correct the 
problem, though in other cases a synthetic graft or “plug 
and patch” technique can be used to correct the defect 
and prevent proximal cylinder migration.””*° Distal per- 
foration can occur during dilation when the dilator 
crosses over to the other corpus. Keeping the dilator lat- 
eral during dilation can prevent this complication. If 
urethral injury occurs, the procedure should be aborted 
and a urethral catheter left in place over which the 
injury can heal. Implantation can then be completed at 
a later date. 
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Figure 27.2 Cylinder erosion. 


Erosion occurs some time after the surgery when a 
portion of the device becomes visible (Figure 27.2). This 
may be a complication of infection, trauma, decreased 
sensation, or improper cylinder sizing intraoperatively. 
In the case of a distal subcutaneous erosion, repair can 
be done using a “windsock” technique or with a corpo- 
roplasty.*' A dorsal circumcising-type incision is made, 
the site of erosion is identified, and the corporal body 
can be repaired primarily or with a synthetic buttress. 
One case series suggested that distal corporoplasty pro- 
vides better outcomes than windsock repair.** A “double 
wind-sock” technique can be used in cases of bilateral 
erosion or severe corporal fibrosis.*? When the cylinder 
is noted to be protruding from the meatus, this usually 
indicates urethral erosion. Risk factors include semi- 
rigid rod implantation and neurologically impaired 
patients.**** Often, for both malleable and inflatable 
devices, the affected side can be removed, leaving the 
contralateral cylinder in place and good function is 
maintained without the need to reimplant a new 
cylinder. A catheter is left in over which the urethra 
can heal. 


“SST-" and “S-"shaped deformity 

In the case of poor sizing of the corporal cylinders, the 
glans can lack good support during intercourse, causing 
the glans to point downwards and leading to patient dis- 
comfort (Figure 27.3). It has been dubbed the “SST” 
deformity because of its similarity to the supersonic 
transporter Concorde aircraft.” Classically, repair 
involves removal of the affected cylinders, redilation of 


the corpora and resizing of the corpora with longer 


Figure 27.3 SST (“supersonic transporter” )deformity. 


cylinders, and placement of a new prosthesis. More 
minor defects can be corrected with glanuloplasty by 
plicating the glans onto the dorsal penile shaft.** In the 
case of the AMS 700 LGX model, which provides length 
and girth expansion, cylinders that are too long can 
cause a buckling of the penis and an “S” due to increased 
pressure within the device. Downsizing the cylinders 
can correct the problem. Furthermore, cylinders that 
are too long can lead to early mechanical failure through 
device wear and fluid loss.*” 


Autoinflation 

Autoinflation occurs when pressure on the reservoir 
causes unwanted partial inflation of the corporal cylin- 
ders. By placing the device in the prevesical space, auto- 
inflation is limited because abdominal pressure 
transmission is less. Importantly, the cylinders are left 
deflated immediately after surgery because this allows 
the reservoir to be full and create a capsule around it. If 
the reservoir is not completely full during the healing 
process, a tighter capsule may form around it and thus 
prevent complete filling of the reservoir when the 
device is deflated. Both the AMS 700 series and the 
Coloplast Titan models have a lockout valve that has 


reduced the rate of autoinflation.***? 


Pump migration 

Pump migration can occur during the healing process 
when contraction of the wound occurs. This 
phenomenon leads to pump migration up under the 


base of the penis, and men can have difficulty locating 
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Figure 27.4 Reservoir placement in a patient with a previous 
robotic assisted laparoscopic prostatectomy (RALP) led to 
deep venous thrombosis after obstructing the right external 
iliac vein. 


the pump and thus with inflation and deflation. In some 
cases, revision of the pump is needed to bring it down 
into the dependent scrotum. We advise patients to 
milk the pump down into the scrotum starting 1 week 
postoperatively in order to limit cephalad migration. 


Vascular complications 

Rarely, vascular complications can occur during reser- 
voir placement, which is usually related to blind passage 
of a device through the inguinal canal to open up the 
space of Retzius in a patient with previous scarring in 
the pelvis. The iliac vessels are in close proximity here, 
and it is important not to direct instruments laterally so 
as to limit injury to the iliac vein or artery. Adequate 
dilation of the reservoir pocket is important to minimize 
impingement on the vessels, which in some cases can 
lead to deep venous thrombosis (Figure 27.4). Few cases 
have been reported in the literature, though in all of 
them repeat and often emergent operation was needed 
to replace the reservoir.”° 


Outcomes 


Patient and partner satisfaction after penile prosthesis 
surgery is high. For malleable devices, a 75-87% 
satisfaction rate up to 6 years after surgery has been 
reported.***?°°! The Ambicor two-piece prosthesis 


underwent modifications in 1998 to improve durability. 
In a retrospective analysis of 146 patients at two centers 
implanted with the modified device, patient and partner 
satisfaction was 85% and 76%, respectively.” For the 
three-piece inflatable devices, multiple retrospective 
and prospective studies have shown satisfaction rates 
up to 97%,??!33457 Setting appropriate preoperative 
expectations has been shown to improve postoperative 
satisfaction rates.” 


Conclusion 


Penile implant surgery is a viable option for men who 
fail medical management for ED or have other comorbid 
conditions preventing satisfactory intercourse. Multiple 
types of prostheses exist, each with their own benefits 
and disadvantages. Advancements in technology have 
led to low mechanical failure rates and high satisfaction 
scores. 
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CHAPTER 28 


Vascular surgery for erectile dysfunction 


Ronny B.W. Tan’ and Wayne J.G. Hellstrom? 
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Introduction 


Erectile function is dependent on the integrity of the 
vascular system, which can be categorized into the 
arterial and venous components. Complexity arises 
from the dynamic relationship between arterial inflow 
and the corporal veno-occlusive mechanism that occurs 
in the penis. Conceptually, since penile erection is a 
vascular perfusion event, managing the vascular inflow 
and outflow would be key to the success of the treatment 
of vasculogenic erectile dysfunction (ED). Historically, 
the success of bypass grafting for coronary artery disease 
suggested that bypassing obstructed arteries to the penis 
might restore normal erectile function in men suffering 
from vasculogenic impotence. However, a review of the 
literature has proven that this is not the case. This is 
easily explained by the fact that ED is often associated 
and the 
majority of patients with vasculogenic impotence have 


with generalized cardiovascular disease, 


intrinsic smooth muscle and endothelial dysfunction. 
The prevalence of vascular disease increases with age 
and is considered the major etiology of organic ED in 
men over the age of 50. Therefore, even in the face of a 
reduction in blood flow through the penile arterial ves- 
sels, there often coexists underlying endothelial 
dysfunction that limits the complete success of many 
penile bypass procedures. Hence, the only select group 
of patients in which penile revascularization surgery is 
likely to be successful consists of young men with iso- 
lated arterial lesions following perineal or pelvic trauma. 


Penile vascular anatomy 


The main source of blood supply to the penis 


originates from the internal pudendal artery, 
although accessory contributions may arise from the 
obturator, external iliac, vesical, and femoral arteries 
(Figure 28.1). The internal pudendal artery becomes 
the common penile artery after giving off a branch in 
the perineum. 

The three branches from the common penile artery 
are termed the dorsal, bulbourethral, and cavernous 
arteries. The cavernous artery further delivers multiple 
helicine arteries, which supply the cavernosal tissues 
and sinusoids. These helicine arteries are contracted 
when the penis is in a flaccid state and vasodilate during 
erection. 

The dorsal artery of the penis courses along the dorsal 
surface of the penis and supplies the glans penis. The 
bulbourethral artery supplies both the bulb and corpus 
spongiosum, while distally the three branches anasto- 


mose in the vicinity of the glans. 


Arterial revascularization 


The objective of penile arterial revascularization, as in 
all vascular surgeries, is to re-establish adequate arterial 
inflow. In the case of penile arterial revascularization, 
we aim to increase the inflow into the corpora caver- 
nosa to produce rigid erections, provided the corporal 
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Figure 28.1 Penile vascular anatomy. CIA, common iliac 
artery; EIA, external iliac artery; IIA, internal iliac artery; IPA, 
internal pudendal artery. 


veno-occlusive mechanism is intact. To achieve this, the 

options to consider are: 

l Direct anastomosis of an arterial donor to the corpora 
cavernosa. 

2 Perform true revascularization. 

3 Perform arterio-venous shunting. 

4 Perform venous arterialization. 


Direct anastomosis of an artery 

to the corpora cavernosa 

This is the most direct approach and was described by 
Michal et al. in 1973,' where anastomosis of the inferior 
epigastric artery (IEA) to the corpus cavernosum was 
performed. This procedure unfortunately produced 
only short-term success with ensuing fibrosis of the 
smooth muscle and thrombosis of the anastomosis 
secondary to high-flow priapism. Attempts to anasto- 
mose the IEA as an ideal donor vessel to the intracorpo- 
ral arteria profunda penis were soon abandoned due to 
technical obstacles and intensive intracorporal scarring. 
In face of these difficulties, it became necessary to anas- 
tomose the IEA to recipient vessels outside the corpora, 
which are in turn connected to intracorporal vessels by 
collateral circulation. 


Revascularization 

The Michal II procedure was then popularized, where 
the IEA was anastomosed in an end-to-side fashion 
to the dorsal penile artery. 


Arterio-venous shunt 

Hauri? proposed direct arterial anastomosis of the IEA 
to the dorsal artery, but in addition incorporating the 
deep dorsal vein into the anastomosis to act as an 
arterio-venous shunt, so as to overcome the risk of 
early shunt thrombosis. In principle, arterialization of 
the dorsal vein would improve arterial flow to the 
corpora cavernosa in a retrograde manner via emis- 
sary veins. However, the only experimental study’ on 
postoperative flow characteristics in an animal model 
did not detect neoarterial flow in the dorsal arteries. 
All of the neoarterial runoff flowed into the venous 
system. 


Venous arterialization 

Pure venous arterialization by anastomosing the IEA 
only to the deep dorsal vein appeared as a viable 
alternative, especially in face of multiple arterial ste- 
noses of small penile arterial vessels. 

Virag and colleagues‘ described a procedure in which 
the IEA was anastomosed directly to the deep dorsal 
vein. Virag subsequently described modifications of this 
technique (Virag I-VI), and a number of other investiga- 
tors have described other variations on this basic 
procedure. The principles of surgery remain the same, 
consisting of distal or proximal ligation of the arterial- 
ized vein, windows between the artery and vein, and 
ligation of the circumflex vessels (Furlow-Fischer’) and 
retrograde destruction of the valves in the dorsal vein. 
In theory, these modifications should improve inflow, 
while reducing venous outflow and also prevent glanu- 
lar hyperemia, which was common in patients who had 
undergone the earlier Virag procedure. In concept, such 
procedures would be successful not only in men with 
pure arteriogenic ED, but also in those with a venogenic 
component. Unfortunately, there are no studies in peer- 
reviewed journals that objectively document enhanced 
arterial inflow into the corpora after one of these proce- 
dures.® In an animal model, intracorporal pressure rise 
was only demonstrated after creation of an artificial 
window between the arterialized dorsal vein and the 
corpus cavernosum. 
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In brief, the technique of penile arterial surgery can 
be divided into three main steps: (i) dorsal artery dissec- 
tion; (ii) IEA harvesting; and (iii) microvascular anasto- 
moses. Harvesting of the inferior epigastric vessels 
previously necessitated an open abdominal incision, 
usually vertical infra-umbilical, lower abdominal 
semilunar, or paramedian approaches. Recent reports 
have described minimally invasive vessel harvesting 
through laparoscopic or video-assisted endoscopic tech- 
niques,’ including robotic-assisted harvesting of IEA 


prior to penile arterial microsurgery.’ 


Selection and investigation of patients 
with suspected arteriogenic ED 

Penile arteriography is the gold standard in assessing a 
patient’s suitability for arterial reconstructive surgery. 
However, prior to embarking upon this procedure, other 
organic causes of ED need to be excluded. For those in 
whom arterial surgery is contemplated, a penile duplex 
Doppler study confirms vascular insufficiency and may 
indirectly document any venous leak. A peak systolic 
velocity of less than 25cm/s suggests vascular insuffi- 
ciency. In patients with arteriogenic ED, it has been well 
documented that there is a significant improvement in 
surgical outcome in men with pure arteriogenic impo- 
tence as compared to those with concomitant corporal 
veno-occlusive dysfunction (CVOD).’ Hence concomi- 
tant CVOD should be excluded with preoperative 
dynamic infusion cavernosography and cavernosome- 
try (DICC). Younger non-diabetic men who are non- 
smokers have also demonstrated better outcomes after 
penile revascularization. 

Therefore, based upon a review of the literature, the 
following appear to be inclusion criteria in selecting 
patients for arterial revascularization surgery: 

e Age less than 55 years 

e Non-smoker 

e No diabetes 

e Absence of venous leakage 

e Defined stenotic lesions of the internal pudendal 
artery. 


Outcomes and complications from penile 
revascularization surgery 

For allcomers who undergo arterial revascularization 
surgery for ED, a specific group who appear to have 
improved outcomes are young males who have 
sustained blunt perineal or pelvic trauma. 


The most common complications from these proce- 
dures, in order of decreasing incidence, are glans hyper- 
emia, shunt thrombosis, and inguinal hernia. 


Surgery for corporal veno-occlusive 
dysfunction (CVOD) 


The evidence for the benefits of venous surgery has 
more shortcomings than that for arterial surgery. Many 
researchers believe that this is because most techniques 
for penile venous surgery were invented before basic 
research defined the pathophysiology of CVOD.° It is 
difficult to differentiate functional abnormalities (e.g., 
endothelial dysfunction) from anatomical defects (e.g., 
tunical abnormality). The proportion of ED due to 
veno-occlusive ED is independent of general arterial 
insufficiency and is difficult to assess. Most authorities 
postulate that venous leakage is an effect rather than a 
cause and reflects underlying corporal smooth muscle 
dysfunction. The failure of most venous procedures is 
likely due to the extensive collateral venous drainage of 
the penis. CVOD is due to endothelial dysfunction and 
damage to the trabecular smooth muscle content, 
which in turn is often due to multiple comorbidities." 
As with arterial surgery, there are rare cases of isolated 
venous leaks due to congenital or post-traumatic 
lesions, and targeted ligation of these venous outflow 
channels may yield some positive results. The position 
from the International Society for Sexual Medicine’s 
(ISSM’s) Standard Practice in Sexual Medicine text- 
book based on the review of the data and panel con- 
sensus is that “surgeries performed with the intent to 
limit the venous outflow of the penis are not 
recommended.” 

There are many varieties of intervention for CVOD. 
As with all medical conditions that can be treated with a 
myriad of procedures, the ultimate benefits are not 
stellar. Types of interventions for CVOD include: 
Superficial dorsal vein ligation 
Deep dorsal vein ligation/excision 
Crural vein ligation 
Crural plication/ligation 
Deep dorsal vein arterialization 
Cavernosal vein arterialization 
Spongiolysis 
Pericavernosoplasty 


werent AWM PR WN m= 


Therapeutic embolization 
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10 Combinations of the above 
11 Extraperitoneal laparoscopic penile vein ligation. 

There is no single operative technique that proves to 
be superior to others. With an increase in the length of 
follow-up, there is an associated steep decline in 
success.® The success rates of CVOD surgery vary from 
13% to 74%, with a mean of 41.4%.'? However, crural 
ligation appears to be the most promising for the 
treatment of young men with primary venogenic ED 
and isolated crural leakage. The first diagnosis of crural 
venous leakage treated with crural ligation was 
performed via a perineal approach in 1987.'’? Mulhall 
et al. described a technique utilized at their institution in 
2001.'* In 2011 it was reported that the outcome of 14 
patients with a mean age of 29+7years, with isolated 
crural venous leak who underwent crural ligation 
surgery, was a mean change of 6.5 points in the postop- 
erative EF domain of the International Index of Erectile 
Function (IIEF) score per patient." No patients needed 
intracavernosal injection therapy for ED after the 
surgery, and 71% reported unassisted sexual intercourse. 

Complications of CVOD surgery include glanular 
hypoesthesia/anesthesia, glans hyperemia, skin necrosis, 
penile curvature, penile shortening, penile edema, hema- 
tomas (after deep dorsal vein arterialization), inguinal 
hernias, and pain (after embolization procedures). 

The weight of the available evidence for venous 
procedures to treat CVOD is contrary to its routine use 
as a treatment option for ED. Hence its use is still 
considered investigational and it should be offered only 
in special situations," for example, in young patients 
with site-specific congenital post-traumatic or post- 
inflammatory leak. 

Should CVOD surgical interventions be undertaken, 
the recommended postoperative follow-up is at least 48 
months, and this should include objective evaluation of 
the penile vascular and erectile status using penile color 
duplex Doppler ultrasound after complete cavernosal 
smooth muscle relaxation as well as subjective evalua- 
tion with validated questionnaires (e.g., HEF). The 
penile duplex Doppler needs to be performed preopera- 
tively and postoperatively. 

In an attempt to improve the long-term outcome of 
venous ligation surgeries, Lewis et al.’* promoted caver- 
nosography using cine-taped cavernosography. The 
images of the origin of the veins were often not clearly 
identifiable due to the overlapping of other veins and 
the bone or cavernous body obscuring the images. 


Further improvement in diagnostic imaging allowed for 
high-resolution arterial images similar to digital subtrac- 
tion angiography with a CT scanner, and images of the 
venous system with an MRI scanner. The advent of 3D 
CT allows for reconstruction of three-dimensional 
images. In a Japanese study,” 55 patients who had 
failed to respond to phosphodiesterase type 5 (PDE5) 
inhibitors underwent pharmacodynamics infusion cav- 
ernosometry and cavernosography, using 60mg of 
papaverine hydrochloride. The images acquired from 
using a multi-slice CT scan system with 3D images 
reconstructed using Aquarius net station version 2 com- 
puter software were compared to images acquired using 
conventional cavernosography. Compared with 3D-CT 
cavernosography, observing cavernous veins and the 
proximal part of the deep dorsal veins using maximal 
intensity projection imaging was especially difficult 
because the origins of the penile veins were often 
obscured by the bony pelvis or the penile cavernous 
bodies. Of the patients who were thought to have leak- 
age via the deep dorsal vein, 80.6% of them eventually 
did not in fact have leakage via this vein. The higher 
image resolution of 3D-CT cavernosography is definitely 
helpful in the diagnosis of CVOD and the assessment of 
the anatomy of the human penile venous system, 
thereby in theory improving the success rates of venous 
ligation surgeries. 


Endovascular techniques 


Current experience with transluminal angioplasty for the 
treatment of ED is limited. The majority of studies are 
case reports or case series focused on large vessel inflow 
disease of the iliac arteries. Only two studies evaluated 
the internal pudendal artery, and in many of the studies 
venous insufficiency was not excluded and the definition 
of ED was not standardized. None of the studies docu- 
mented an increase in post-interventional penile blood 
flow. Unfortunately, there are no data on venous insuffi- 
ciency or venous leak, or duration of follow-up. 

Penile vasodilatation prior to angiography acts to 
relax the cavernosal musculature, augments blood flow 
and vessel caliber, and results in improved angiographic 
quality. This can be accomplished by an intracavernosal 
injection of 15 ug of prostaglandin E,. 

The Zotarolimus-Eluting Peripheral Stent System for 
the Treatment of ED in Males with Sub-Optimal 
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Response to Phosphodiesterase type 5 Inhibitors (ZEN) 
trial generated great interest in causing a paradigm 
shift in searching for an endovascular intervention to 
treat vasculogenic ED. A total of 30 patients with ED 
were enrolled and technical success was achieved in all 
patients with no post-procedural deaths or episodes of 
perineal gangrene at 30 days. At 3 months follow-up, 
68% of the patients had improvement in erection 
function (as assessed by the IIEF). Eight patients were 
lost to follow-up or had angioplasty and stenting of 
non-pudendal vessels. This study demonstrated the 
short-term safety of angioplasty and stenting and 
improved erectile function, but demonstrated significant 
variant anatomy in the pelvis.'® 

The anterior division of the IIA (internal iliac artery) 
provides the majority of the blood supply to the geni- 
talia whereas the posterior division supplies the gluteal 
and lumbosacral musculoskeletal regions. The IPA 
(internal pudendal artery) is the smaller of the two 
terminal branches of the anterior trunk of the IIA. The 
IPA divides into the inferior rectal artery, perineal artery, 
artery of the urethral bulb, urethral artery, and deep 
and dorsal arteries of the penis. However, there are var- 
iations in penile arterial anatomy, with the most fre- 
quent being where the IPA terminates at the artery of 
the urethral bulb or less frequently the perineal artery. 
Hence, the dorsal and the deep arteries of the penis, 
which supply the corporal bodies, are frequently derived 
from an accessory pudendal artery (APA). The APA can 
originate from the EIA, obturator, vesical, and femoral 
artery. It is not uncommon to find that the APA consti- 
tutes the dominant or only arterial supply to the cor- 
pora. There is even a classification system?’ for penile 
arterial supply, where type 1 is when the IPA originates 
from the IIA, type 2 when the IPA originates from the 
inferior gluteal artery, and type 3 when an accessory 
vessel supplies the dorsal and deep arteries of the penis. 

In view of the significant variant pelvic anatomy, a 
second angiographic study called the Incidence of Male 
Pudendal Artery Stenosis in Suboptimal Erections Study 
(IMPASS) registry, was designed to document penile 
arterial insufficiency and establish an angiographic pro- 
tocol. It was a multicenter trial enrolling 350 males ages 
35-70 years undergoing angiography for coronary 
artery disease or peripheral artery disease with follow- 
up at 1, 2, and 3 years. Unfortunately this study has 
been terminated. As such, endovascular therapy for ED 
remains investigational. 


Conclusion 


Vascular surgery for ED remains a challenge to the urol- 
ogist. Due to the complicated interdependence of the 
arterial system with the corporal veno-occlusive mech- 
anism, as well as the systemic problem of endothelial 
dysfunction, which is multifactorial, careful patient 
selection and extensive workup to ascertain the specific 
problem in such patients is of extreme importance to 
ensure superior outcome, a satisfied patient, and an 
untroubled urologist. 
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Penile cancer 
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Introduction 


Progress in penile cancer has flagged behind the 
advances made in other malignancies. Its rarity has 
hampered the development of a clear understanding of 
many of the key aspects of the condition, from its path- 
ogenesis and development, to its treatment. A lack of 
awareness of the condition among the public and clini- 
cians alike is a major factor in its delay to presentation 
and appropriate treatment. 

Penile cancer does not receive any significant level of 
media attention or public funding. As such the condition 
lies largely out of the public’s eye. Men who develop a 
penile lesion present late due to fear and embarrass- 
ment and worry that the condition may relate to sexual 
contact in the past. When they do eventually present, 
they first usually see their primary care physician or 
attend a sexual health clinic, where there is often no 
experience of the condition. Due to its rarity, many cli- 
nicians may not have seen such cases previously, which 
makes distinguishing the worrying lesion from the more 
common cohort of benign penile conditions extremely 
difficult. 

Significant delays in presentation can render simple 
treatable lesions into more invasive disease, requiring 
more emasculating surgery. While such surgery can still 
achieve good oncological outcomes, the poor cosmetic 
and functional results have a significant impact on 
patient well-being. Radical surgery, either with partial 
or total penectomy, using the traditional approach of 
excising the lesion with a clear surgical margin of 2cm, 
provides excellent oncological control with recurrence 
rates of 4.6% and 0.7% respectively in pooled analysis.' 


The emasculating nature of these procedures is associ- 
ated with significant psychological and sexual mor- 
bidity.2 Romero et al. reported impaired well-being in 
40% of cases, and pathological anxiety in 31% of 
patients after partial penectomy.’ Ficarra et al. reported 
signs or symptoms of mental illness in 53% after surgery, 
with 25% displaying signs of avoidance behavior and 
40% signs of post-traumatic stress disorder.* Opjords- 
moen and Fossa reported that 23% would risk lower 
long-term survival to increase the chance of remaining 
sexually potent after treatment, giving an important 
insight into the essential need to consider the final 
functional outcome in penile surgery.” This potential 
impact of treatment is especially relevant when planning 
the management of the significant cohort of men 
(approximately 20%) who develop the disease at less 
than 40 years of age.’ 


Penile preserving surgery (PPS) 


Over the last 10 years there has been a shift in the 
surgical management of the primary penile lesion, moving 
away from more radical surgery in favor of penile pre- 
serving techniques. This has been based on studies that 
have challenged the traditionally held beliefs supporting 
more extensive 2cm margins. Agrawal et al. reviewed 
64 partial and total penectomy specimens, and found 
only 19% of cases had microscopic extension of disease 
beyond the gross tumor margin. Of these, 75% were 
less than 5mm.° Hoffman et al. reported on their 
experience of 14 patients who underwent conventional 
surgery for penile cancer.’ Half the group had excision 
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margins of less than 10mm, although this had no bearing 
on recurrence, with no patient developing recurrence 
after 33 months follow-up. In a series reporting out- 
comes of PPS, approximately 50% of the 51 patients had 
clear surgical margins of less than 10mm, including 33% 
with margins less than 5mm. Despite this, the local 
recurrence rate in the whole series was only 4% and 
comparable to conventional radical surgery series despite 
the clearance margins of only a few millimetres.’ 

The results of these studies have led to a shift away 
from more radical surgery to a variety of penile 
preserving techniques. The use of these techniques has 
been more prevalent in Europe and the United States, 
where approximately 80% of malignant lesions present 
on the glans penis and prepuce and are more amenable 
to an organ-conserving approach.’ Selection of the most 
appropriate technique is dependent on a number of 
factors, which can be divided into patient factors and 
lesion factors (Table 29.1). Individualizing treatment in 
this way is essential to achieve the best functional and 
oncological outcome. For example, high-grade distal 
disease poses less of a challenge than lower grade 
proximal disease due to the location of the lesion. An 
elderly patient with numerous comorbidities and no 
desire for sexual function is not best served by a more 
lengthy procedure and reconstruction with split skin 
graft. Such factors are best discussed with the individual 
and considered with a multidisciplinary team approach. 

Initial experiences with PPS raised concerns of less 
effective oncological control. Lindegaard et al. reported 
5-year actuarial cancer control rates of 69% after more 
“conservative” treatments compared to 100% after 
radical surgery.'? However, local recurrences in this 
series did not affect overall survival as such cases were 
amenable to further salvage radical surgery. More 
contemporary series have reported better oncological 
outcomes. A large single-center series of 179 PPS cases 


Table 29.1 Factors involved in deciding on the most appro- 
priate method of treating the primary penile lesion tailored 
to the individual. 


Lesion factors Patient factors 


e Site e Age 

e Size e Comorbidity 

° Stage e Available penile length 

° Grade e Patient's functional needs 


reported local recurrence rates of only 8.9% after a 
mean 26 months follow-up. All those who developed 
local recurrence were amenable to further PPS, and 
even those with local recurrences had a 5-year disease- 
specific survival rate of 91.7%.'! Other studies have 
confirmed this positive oncological outcome, with 
reports of falling local recurrence rates (25 to 4.8%) and 
mortality (20.5 to 10.7%) at a time of increasing penile 
preserving surgery (4.5% to 58%) in the setting of 
specialized supra-regional penile cancer center care.'* 
The various PPS options are divided according to the 
stage at presentation. There are no randomized con- 
trolled trials comparing different treatment modalities, 
and most guidelines are based on small retrospective 
case series, with low levels of evidence (mostly 2b) and 
low grades of recommendation (B-C).”* Little has been 
done to formally study the impact of such treatments on 
sexual function and quality of life, but the available 
evidence of impact of each option is discussed. 


Carcinoma in situ (Tis) and 
non-invasive verrucous carcinoma (Ta) 


The non-invasive nature of these lesions makes them 
amenable to a number of different penile preserving 
techniques, ranging from non-surgical treatment modal- 
ities such as topical chemotherapy, topical immunother- 
apy, and laser ablation to surgery with glans resurfacing. 


Topical therapies 

Topical chemotherapy with 5% 5-fluorouracil (5-FU) is 
the most commonly used first-line treatment and is 
suitable for well-defined solitary lesions in immune- 
competent patients. This antimetabolite is a pyrimidine 
analog, which non-competitively inhibits thymidylate 
synthase, triggering cell cycle arrest and apoptosis. It is 
applied on alternate days for 4-6 weeks, and is safe, 
with low morbidity and systemic absorption. Non- or 
partial responders are often treated with topical 5% 
imiquimod (IQ) cream. The criteria for use remain the 
same. The exact mechanism of action of this novel 
immunomodulatory therapy is unclear. It is believed to 
activate the patient’s own immune system via Toll-like 
receptors leading to secretion of cytokines such as 
interferon-a« (IFNa), tumor necrosis factor (TNFa), and 
various interleukins (IL-1, -6, and -12). Imiquimod can 
be applied for 5 days a week for a period of 4-6 weeks, 
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Table 29.2 Treatment options by stage: oncological outcome and effect on sexual function. 


Stage Treatment Oncological outcome Sexual function References 

Tis/Ta Topical chemotherapy 57% CR Not assessed 14 
13.5% PR 
29.5% NR 

Tis/Ta Laser (CO,/Nd:YAG) 14-26% local recurrence No negative effect on sexual function 16-18 
5% progression 

Tis/Ta TGR 0-4% local recurrence No sexual dysfunction or impaired 24,25 
No progression sensitivity 

fier? Glansectomy 0-4% local recurrence No reported sexual dysfunction 27-32 

T2-T3 Partial penectomy 4.6% pooled local recurrence rate 21--45% unable to penetrate 1323 

66% unhappy with postop sexual function 
PIE Total penectomy 0.7% pooled local recurrence rate N/A 1 


CR, complete response; PR, partial response; NR, no response; TGR, total glans resurfacing. 


although the frequency can be reduced provided that the 
inflammatory response is maintained. A recent study of 
44 patients treated with 5-FU as first line and IQ as sec- 
ond line reported complete response in 57%, partial in 
13%, and no response in 30%.'* Thirteen percent suf- 
fered adverse events due to the cream, but only one 
patient discontinued treatment. No reports on the impact 
of treatment on sexual function have been made. Patients 
are advised against sexual activity while on therapy, and 
any adverse effect of treatment tends to be self-limiting, 
resolving 4—6 weeks after cessation of treatment. 


Laser therapy 

Carbon dioxide (CO,) and neodymium:yttrium aluminum 
garnet (Nd:YAG) lasers have been used as first-line therapy 
with reasonable response rates and good cosmetic and 
functional results. The CO, laser has a tissue penetration of 
2-2.5mm. Ablation sites generally heal in 3—4 weeks. The 
Nd:YAG laser has a tissue penetration of 3-5 mm and causes 
tissue coagulation. Larger lesions can be treated using 
this laser, but ablation sites can take up to 2-3 months to 
heal. Treatment with either of these lasers is usually well 
tolerated, with minor complications ranging from minor 
pain and bleeding at treatment sites, to preputial lymph- 
edema in those patients who have retained their fore- 
skin.’ Studies have reported local recurrence rates of 
14-26% requiring retreatment, but reported rates of pro- 
gression to invasive disease have been of more concern.'*!” 
Two studies that together reported on over 250 cases, 
found no adverse effect of treatment on sexual function.'*!8 


Surgery 

Circumcision 

Circumcision forms an essential part of the management 
of penile cancer, both as a preventative and treatment 
strategy. Neonatal circumcision has a preventative effect 
on the development of penile cancer,!? while circumci- 
sion is also beneficial at preventing the risk of human 
papillomavirus (HPV) infection,”? HIV transmission,” 
and the development of lichen sclerosus (LS), all indi- 
vidually associated with penile cancer development. As 
a treatment strategy, it removes the lesion if confined 
solely to the prepuce, and can facilitate follow-up and 
clinical examination, which is essential with any mini- 
mally invasive approach. The effect of circumcision on 
sexual function has been long debated. A recent 
systematic review looking at over 2500 studies report- 
ing on over 40,000 men found no evidence of adverse 
effect on sexual function, sensitivity, or satisfaction.” 


Glans resurfacing 

Total glans resurfacing (TGR) can be used both as a 
primary treatment for Tis and for cases refractory to 
other therapies. This technique was first described by 
Bracka for the management of severe LS.” It is the best 
option for patients who have extensive field change, 
those unlikely or unwilling to adhere to strict treatment 
and surveillance protocols, or failure of medical 
treatment. It entirely removes the epithelium and sub- 
epithelial layer, and can in theory also be used to treat 
patients with low risk pT1 disease (pT1la), which is well to 
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moderately differentiated disease (Grade 1-2) confined to 
the subepithelial layer. It is combined with a split-thick- 
ness skin graft to achieve excellent cosmetic and 
functional outcomes (Figure 29.1). The two largest 
series have reported recurrence rates of less than 4% 
and no reported cases of progression.**”? 

One of the main advantages of this surgical approach 
is its combined diagnostic and therapeutic ability. Whilst 
completely removing the diseased epithelium, total sur- 
gical excision also allows more accurate histopatholog- 
ical staging and diagnosis than smaller incisional biopsies 
used with less invasive topical therapies. In a recent 
series of glans resurfacing as a primary therapy for Tis, 
10/25 patients (40%) had evidence of invasive carci- 
noma on the final pathology despite all 25 patients hav- 
ing had preoperative incisional biopsies confirming 
evidence of CIS only.” As most patients with CIS are 
treated on the basis of incisional biopsies only, and are 
usually treated with topical chemotherapy or laser as 
first line, this would not tackle any invasive element 
adequately. This may explain the higher recurrence rate 
with laser therapy (up to 26%), compared to surgical 


Figure 29.1 Post operative appearance after total glans 
resurfacing. 


series (up to 4%).'*'”4?> These findings would favor the 
primary use of surgery to avoid the risk of understaging 
and inadequate treatment leading to subsequent 
progression, and may lead to a shift in our approach to 
managing Tis affecting the glans in the future. 

In the only study to assess the effect of TGR on sexual 
function, 85% of patients who responded had had 
sexual intercourse within 3 months of surgery, with all 
reporting no erectile dysfunction and either no change 
or improvement in glans sensation postop.** 

Partial glans resurfacing is an alternative approach 
and is best reserved for solitary lesions affecting less 
than 50% of the total glans. In the largest study to date, 
the risk of patients requiring a subsequent surgical 
procedure was up to 40%, but all were still amenable to 
further penile preserving techniques, with no reported 
progression or recurrence with this technique in this 
series.” The theoretical benefit of preserving native 
glans skin to allow better sensation preservation has not 
been demonstrated in any study. The final cosmetic 
appearance achieves a contour close to original glans, 
but with a more “patchwork” appearance due to the 
differential coloring of the donor skin. 


Tumor invading the subepithelium 
(T1) or corpus spongiosum (T2) 


The management of “low-risk” Tla disease (invasion 
into subepithelium of low or intermediate grade G1/G2 
disease) can be with laser therapy or TGR as outlined 
above. In a series of glans resurfacing, 7/25 cases who 
underwent TGR for Tis, and were found to have inad- 
vertent Tla disease that had been fully excised, were 
observed for a mean 29 months. None of the cases in 
this sub group had any recurrence or progression, 
further confirming the oncological safety of this 
approach.” For patients with more high-risk T1b disease 
(high-grade G3 or lymphovascular invasion in subepi- 
thelial disease) or disease in the corpus spongiosum 
(T2), glansectomy is the procedure of choice. 
Glansectomy is the most commonly used PPS. This 
procedure utilizes knowledge of the anatomical planes 
between the corpora cavernosa and corpus spongiosum 
first described by Austoni et al.” In this procedure, the 
glans penis is dissected from the corpora cavernosa, 
with the subsequent formation of a new urethral meatus 
at the tip of the shaft. The procedure can be combined 
with a split-skin graft to create a “neo-glans” with 
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excellent cosmesis and a near normal appearance, or it 
can utilize advancement flaps of shaft skin to cover the 
corporal tips to maintain a functional penis, albeit with 
a less satisfactory cosmetic appearance. The latter is best 
suited to patients who are not sexually active, or those 
with significant comorbidities, where a shorter anes- 
thetic time is critical. Such patients can still achieve 
good urinary function, which may be all they desire. 

A number of series have reported their outcomes, and 
recurrence rates of 4% or less have been consistently 
achieved, highlighting the oncological safety of this 
penile preserving approach.’’?! Hatzichristou et al. 
reported on seven cases of glansectomy without recon- 
struction. All returned to normal sexual function 1 
month postoperatively.’ Morelli et al. reported on 15 
patients after glansectomy with reconstruction. All were 
fully sexually active by 6 months after surgery, and 
while all had reported reduced neo-glans sensitivity, all 
had preserved orgasm and ejaculatory function.” 


Tumor invading the corpus 
cavernosum (T2) or the urethra (T3) 


Once disease extends into the corporal bodies or ure- 
thra a more extensive resection is required. Partial 
penectomy is the primary approach unless the disease is 
very proximal, where a total penectomy and perineal 
urethrostomy may be more appropriate. Resection 
margins of 2cm are not required and excision can be 
combined with frozen section to ensure clear margins 
are achieved. Subsequent reconstructive techniques 
can be used to achieve a good cosmetic appearance 
with split-skin grafts and meatal centralization to aid 
urinary stream direction. If the resultant phallus post- 
resection is too short, lengthening procedures can be 
used to allow the patient to stand to void, or have 
penetrative sex. This may involve dividing the 
suspensory ligament below the pubic arch, and placing 
a silicone buffer to preserve the created space and 
prevent re-adhesions. Patients with prominent scrotal 
webs or suprapubic fat pads can be treated using V-Y- 
plasty or suprapubic fat pad excision or liposuction to 
improve the apparent penile length. These techniques 
may provide enough length gain to allow the patient to 
stand to pass urine comfortably, a major psychological 
factor for many men undergoing penile cancer surgery. 
In cases where reconstruction using skin graft is not 


used or appropriate, shaft skin advancement flaps can 
be used to cover the corpora and meet the spatulated 
urethra. This approach again suits older patients who 
are medically unfit, or not keen for reconstruction. It is 
more suited to patients where cosmesis or sexual 
function is less important, although erectile function 
and ability to penetrate are preserved. It has a signifi- 
cantly shorter operative time, and less need for 
restrictive bed rest, or complex dressings associated 
with reconstruction and skin graft, and remains a good 
option in a selected subset of patients. 

Partial penectomy is a safe oncological procedure, and 
has a reliably low recurrence rate of 4.6% from pooled 
analysis.’ Studies have reported a greater impact on 
sexual function after partial penectomy compared to 
other techniques, with between 21%* and 45%? unable 
to have intercourse after surgery. In the latter study, of 
those who were able to have sex, 72% were still able to 
ejaculate and orgasm as before. Overall two-thirds of 
patients were not satisfied with their postoperative 
sexual function. 


Total penectomy 

This is the best approach for proximal high-risk disease 
and avoids leaving the patient with a phallus too short 
to direct their urinary stream. Patients require careful 
counseling preoperatively about their final cosmetic and 
functional outcome, with the need to sit to void with a 
perineal urethrostomy. It has a good oncological out- 
come, with a recurrence rate of 0.7% from pooled anal- 
ysis.' Selected cases will be suitable for subsequent 
phalloplasty reconstruction once full oncological control 
of the primary and regional lymph nodes has been 
achieved. 


Total phallic reconstruction 
Ideal candidates for major surgical reconstruction are 
healthy, young, well-motivated non-smokers who are 
cancer free with a good prognosis. The most common 
technique is the radial artery phalloplasty (RAP), made 
using a radial artery free flap to create a new urethra 
and phallus using a “tube-in-a-tube” technique,* giving 
the patient the ability to once again be able to stand to 
pass urine. The phallus may also have an inflatable 
penile prosthesis inserted at a later stage to allow return 
of sexual function. 

Reconstruction is performed in stages, with the first 
being the creation from the non-dominant forearm of 
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the new phallus, which is attached to the native urethra, 
and the femoral artery, saphenous veins, and ilioingui- 
nal nerves to provide neurovascular anastomosis. 
Subsequent stages involve resculpting of the phallus to 
create a neo-glans, and insertion of an inflatable penile 
prosthesis, at 3-monthly intervals, with the entire 
reconstruction process taking up to a year to complete. 
In a series of 15 cases of RAP after previous total penec- 
tomy, all patients were able to stand to void after 
reconstruction, with 12/15 (80%) developing full 
sensation within the phallus. Half had insertion of a 
penile prosthesis, of whom 70% were using the phallus 
for intercourse. Subsequent complications included ure- 
thral strictures in 20%, urethral fistulae in 26%, and 
explant of the penile prosthesis in 14% for infection. All 
were happy with the final cosmetic appearance of the 
phalloplasty.*” 


Tumor invading adjacent 
structures (T4) 


When treating patients with such locally advanced dis- 
ease it is important to take into consideration the extent 
of disease, performance status, life expectancy, symp- 
toms, and desired outcomes. If the performance status is 
good, the best approach is with neoadjuvant chemo- 
therapy to downstage the disease prior to consolidative 
surgery in a trial setting. Those not suitable for chemo- 
therapy or surgery are best managed with palliative 
radiotherapy and treatment of symptoms. The ideal 
regime is still unclear, but small studies using neoadju- 
vant combinations containing platinum-based drugs 
have shown some promise.*° 

Palliative surgery may have a role to play in very 
carefully selected advanced cases, aimed at improving 
the quality of the patient’s remaining life. Suitable cases 
must have a clear understanding of the palliative intent, 
must be nutritionally and biochemically optimized, and 
managed with a multidisciplinary team approach. 
Surgery may range from simple urinary diversion, to 
more complex excisions and reconstruction, using a 
variety of techniques ranging from skin grafts to rectus 
abdominis flaps, depending on the size and nature of 
the defect.” Although only a few patients will be appro- 
priate for surgical palliation, an understanding of the 
available techniques is essential to be able to offer the 
option in selected circumstances. 


Summary 


Improvements in the understanding of this rare 
malignancy have challenged the need for such exten- 
sive margins and allowed a move away from emascu- 
lating surgery with its significant impact on well-being 
and sexual function. The development of penile pre- 
serving techniques has transformed penile cancer care 
and reduced the impact of treatment on patients’ 
quality of life. Treatments can be tailored to the 
individual dependent on the tumor characteristics 
and patient factors. Knowledge and expertise of the 
different surgical techniques is vital to ensure the best 
cosmetic, functional, psychological, and oncological 
outcome in patients who present with this potentially 
devastating disease. 
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CHAPTER 30 


Penile reconstruction and trauma 


C.J. Shukla! and Suks Minhas? 
"Western General Hospital, NHS Lothian, Edinburgh, UK 
? University College Hospital, London, UK 


Introduction 


A variety of benign conditions of the penis may necessi- 
tate surgical reconstruction. These include lichen scle- 
rosus/balanitis xerotica obliterans (LS/BXO), buried 
penis, micropenis, lymphedema, Peyronie’s disease, and 
traumatic conditions outlined in this chapter. The 
management of micropenis is outlined in more detail in 
Chapter 25, and that of Peyronie’s disease in Chapter 24. 
These conditions have varying effects on patients. 
Conditions such as LS, lymphedema, and Peyronie’s dis- 
ease can cause pain and difficulty in having intercourse. 
The etiology of pain varies due to the pathophysiology. 
In lichen sclerosus and lymphedema, it is the injury to 
the skin during intercourse that results in pain, whereas 
in Peyronie’s disease, pain may occur in the active phase 
due to the initial inflammatory process affecting the 
tunica albuginea. In the active and quiescent phases of 
Peyronie’s disease the patient or their partner may also 
experience pain from the curvature of the penis. 
Voiding difficulties such as pain during voiding (from 
irritation) or poor stream may arise in cutaneous condi- 
tions (e.g., in LS), or from dribbling and poor stream 
from a shortened phallus (in buried penis, or following 
trauma or surgery). The effect of these conditions can 
impair the psychological well-being of the patient 
due to localized symptoms or cosmetic appearance. 
Additionally, patients may express concerns regarding 
length, which may have an impact on the patient’s 
confidence and can manifest in erectile dysfunction.’ 
The surgical principles used to treat these conditions 
are very similar. Once the primary disease has been 
treated, the remaining phallus can be reconstructed to 


maintain cosmesis and function, with improvements in 
urinary and sexual function, in a bid to maintain 
psychological well-being. A number of surgical tech- 
niques exist for reconstruction in order to achieve these 
goals (Table 30.1). 

Trauma to the urethra and reconstruction following 
cancer are dealt with in Chapter. 


Surgical principles 


The main surgical principles in reconstruction of the 

penis and urethra involve: 

1 A designated genital/plastic surgeon. 

2 Versatility and familiarity in the use of grafts or 
skin flaps. 

3 Meticulous dressings and wound care. 

4 Multidisciplinary healthcare professional involvement. 


Skin grafting 


Skin grafting remains of primary importance in genital 
reconstruction. The grafts used to reconstruct the glans 
penis, penile shaft, and the urethra will vary according 
to the recipient and donor site and underlying patho- 
logical condition. Knowledge of graft characteristics 
and donor site requirements dictates the choice of 
graft used. 

Split-thickness skin grafts (SSG) consist of the entire 
epidermis and a dermal component of variable thick- 
ness. In a full-thickness skin graft (FTSG), the entire 
thickness of the dermis is also included and hence may 
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Table 30.1 Techniques used to bridge soft tissue defects during 


reconstruction. 


Type of defect 


Technique used for reconstruction 


Small with minimal gap 
between tissue edges 
Superficial defect on 
penile shaft (e.g., after 
trauma, infections, 
Fournier's gangrene) 
Superficial defect on 
glans/corona 
Tunical invasion by tumor 
Incision and grafting for 
Peyronie's disease 
Reconstruction of tunica/ 
corpora after trauma 
Large defect involving 
deeper tissues 


Reconstruction of 
neophallus, e.g., after 
subtotal penile 
amputation for 


Primary closure 


Full-thickness skin graft (FTSG) or 
thicker split-thickness skin graft (SSG) 


Split-thickness skin graft (SSG) 


Excision of tumor and/or tunical 
reconstruction using biomaterials 
including saphenous veins, 
Tutoplast®, or Pelvicol® 


Standard advancement flap 
Vertical rectus abdominis flap 
Tensor fascia lata flap 

Rotational flap 

Rotational flap, e.g., antero-lateral 
thigh (ALT) 

Pedicled/free flap, e.g., radial artery 
phalloplasty (RAP) 


carcinoma or trauma 


retain sweat gland and sebaceous gland function. SSGs 
can be of variable thickness depending on the functional 
and cosmetic requirements. The choice of graft used and 
its thickness is dictated by the physiological needs of the 
recipient site and the compromises associated with 
either choice. The penis expands and contracts with 
erections and requires robust covering to withstand the 
trauma/shearing forces of sex. As a result, the predomi- 
nant use of SSG is on the glans and corona, whereas the 
FTSG, being more robust to withstand shearing stresses, 
is usually utilized for reconstruction of the penile shaft. 
Although the advantage of a FTSG is that the character- 
istics of the donor site are maintained and there is a 
lower risk of secondary graft contracture, there is a 
higher chance of graft loss. As a result, some surgeons 
prefer using thicker SSGs (approximately 20-24/1000 
inches on the automated air dermatome setting as 
opposed to approximately 12-16/1000 inches for the 
glans and corona) to the penile shaft as it offers the best 
combination of graft take and durability. 

Graft contracture terminology merits further elabora- 
tion as an understanding of the two main types of con- 
tracture will also dictate the choice of graft used. Primary 


contracture occurs due to the elastin present in the graft 
material and occurs at the time of surgery. This can be 
up to 40% with FTSGs and 10% in SSGs due to the 
presence of elastin in the dermis.” 

Secondary graft contracture occurs after the healing 
process has occurred and is due to the presence of myo- 
fibroblasts. The propensity for secondary contracture is 
higher with SSGs than with FTSGs, which have more 
dermis that helps prevent secondary contraction. As a 
result, once the process of secondary contraction has 
completed, FTSGs have the ability to stretch making 
them the ideal choice for penile shaft cover. 

In the cases where a FTSG is utilized for the penile 
shaft coverage, the donor site chosen is one that can 
usually be closed primarily without tension. Common 
donor sites include the skin over the iliac crest or groin, 
although other sites such as the axilla can also be used, 
as they are more readily concealed. The skin in this 
region is thinner. 

Overall, for skin grafts to the glans penis, a SSG is 
commonly used. This can be harvested by either an 
automated air dermatome or a manual Humby knife. 
SSGs are suitably thin and improve the potential for 
graft take to the underlying spongiosal tissue. The donor 
site is usually the anterolateral aspect of the thigh, as 
this can be more readily concealed. Contraindications to 
using this donor site include cutaneous conditions that 
preclude harvest or healing of the donor site, including 
infective/inflammatory conditions such as psoriasis. 
Although the graft is more fragile, its thinness allows 
better take with a lower risk of graft loss. 


Glans resurfacing of the penis 


Benign conditions limited to the superficial epithelium 
of the glans/corona can be effectively treated by glans 
resurfacing. If the disease process affects the urethra, 
more extensive reconstructive procedures may be 
necessary. These are discussed in more detail below. 


Male genital lichen sclerosus (LS)/ 
balanitis xerotica obliterans (BXO) 


Male genital lichen sclerosus (LS) isa common condition 
that results in a progressive sclerosing inflammatory 
dermatosis of the prepuce and glans penis, but may also 
involve adjacent structures such as the urethra, scrotum, 
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Table 30.2 Outcomes for glans resurfacing for lichen sclerosus (LS). 


Series n (follow-up, months) Complications Recurrences Outcomes 
Palminteri 4 0 Self-reported and photographs showed 
satisfactory outcomes 

Garaffa et al. 31 (12.8) 4 (12%) 4 (12%) 84% self-reported satisfied outcomes 
Persistence of LS due to positive and 71% sexually active 
margins — no surgery required 

Depasquale 5 (unknown) 0 Not reported 

Campus 3 (19) 0 Satisfactory cosmesis reported by authors 


a In this paper, due to the heterogeneous case mix, it is not possible to determine follow-up, complications, and recurrences for individual 
conditions, but it reported satisfactory sensation, cosmesis, and overall satisfaction by self-reported and photographic means. 


perineum, and anus. Its true incidence is unknown, but 
it commonly affects the foreskin resulting in phimosis. 
In approximately 1-2% of cases it affects the glans penis 
and/or the urethra. 

The mainstay of initial conservative treatment includes 
a trial of topical corticosteroids. In refractory cases, sur- 
gical reconstruction may be necessary for treatment. In 
most patients, where the LS is limited to the foreskin or 
glans penis, a circumcision will be curative in the 
majority of cases.* However, this is not always necessary 
and if LS and symptoms are limited to the frenulum, 
frenular grafting after excision of the involved frenular 
skin may suffice, obviating the need for circumcision.* 

Urethral involvement of LS is variable; in a large ret- 
rospective study,’ surgical procedures utilized included 
circumcision (15.8%), meatotomy (7%), circumcision 
and meatotomy (3.5%), and penile urethroplasty with 
buccal mucosa grafts (BMG) as a one- or two-stage 
procedure in 10.7% of cases. However, the vast majority 
of men (135/215 patients: 62.8%) underwent surgery 
for panurethral disease. This included one-stage BMG in 
88 (of 135) patients and definitive perineal urethrostomy 
in the remaining 47 patients. 

Palminteri et al.° and Garaffa et al.” reported on their 
experience of glans resurfacing as a technique for recon- 
struction of the penis affected by LS, demonstrating 
satisfactory outcomes (Table 30.2). 


Technique of glans resurfacing 
and SSG 


This is described in detail in a publication from the 
authors’ institution.’ Briefly, sharp dissection is used 
to elevate the involved epithelium from underlying 


spongiosal tissue. This may take the form of removal of 
only a part (partial glans resurfacing — PGR) or all 
(complete/total glans resurfacing — TGR) the epithelium 
in quadrants of the penis (Figure 30.1). The rationale for 
removing the epithelium in quadrants is to prevent 
crush injury or “buttonholing” of larger areas, and to 
enable labeling of the histological specimen and 
identification of the site of removal of tissue in case of 
further surgery due to concomitant malignant/prema- 
lignant changes. 

In the authors’ institutions, a SSG is harvested 
using an automated air dermatome, or it can be done 
manually using a Humby knife. The advantage of an 
automated dermatome is the short learning curve and 
uniformity of graft thickness: the depth of tissue har- 
vested can be predetermined. In our experience we 
harvest the SSG at a thickness of 0.008 to 0.016 
inches. The graft is sutured onto the edges using 4/0 
or 5/0 Vicryl Rapide™ (Ethicon) and quilted with 5/0 
Vicryl Rapide™. The patient is then catheterized (14-F 
silicone catheter), and the glans penis is dressed with 
a soft silicone-coated dressing (Mepitel®; Mölnlycke 
Health Care) and gauze, followed by a foam dressing 
to help immobilize the graft. The dressing is left in 
place for 5 days with the patient remaining on strict 
bed rest for the first 48 hours (to minimize slippage of 
dressing during the period of imbibition of graft). On 
the fifth day, the dressing and the catheter are 
removed, and the patient is discharged with wound- 
care advice for review in the clinic the following 
week. The technique for glans resurfacing for LSA is 
similar to that used for carcinoma in situ of the glans 
penis.® 

If the distal penile urethra is also involved in the path- 
ological process of BXO/LSA, then, in addition to the 
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The technique of glans resurfacing for (a) balanitis xerotica obliterans (BXO) and (b) carcinoma in situ. (c) After 
excision of the glans epithelium. (d) Following skin grafting, the long-term outcome. 


glans resurfacing to address LSA of the glans, a two- 
stage reconstructive procedure/urethroplasty using 
BMG is necessary to deal with the urethral component. 
There is no consensus on whether the urethra or glans 
are addressed first, and both practices are seen variably. 
In cases of extensive involvement of the penile urethra 
(e.g., panurethral strictures), a Kulkarni urethroplasty 
may be necessary using the principles of a dorsal onlay 
BMG into the entire strictured urethra, which is incised 
dorsally for the graft.’ 

Results from the largest series thus far suggest favor- 
able outcomes, with 3% of patients being dissatisfied 
due to poor cosmesis and 12% being dissatisfied due to 
recurrence/persistence of LS.’ 


By definition, this condition results in at least a part of 
the penile shaft being buried/obscured by the overlying 
prepubic skin and/or scrotum due to a number of path- 
ological conditions. This condition should be differenti- 
ated from micropenis, where the true penile length is 
less than 7.5cm. 
The etiology of the buried penis is multifactorial and 
is outlined in Table 30.3, but includes factors such as: 
Congenital causes in the pediatric population, which 
may be due to congenital megaprepuce, short penile 
shaft, abnormal attachment of the fundiform and/or 
supensory ligaments, or excess prepubic fat.’° 
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Table 30.3 The etiology and techniques of increasing relative penile length as a treatment for buried penis. 


Etiology of buried penis 


Shortened penis Increased 


surrounding tissue 


Surgical corrective technique 


Techniques for increasing 
relative length of penis 


Technique for reduction 
of surrounding tissues 


e Post radical circumcision 
e Excessive skin loss post 
trauma/circumcision 


© Obesity 
© Scrotal lymphedema 
e Scrotal web 
© Traumatic or surgical 
amputation for cancer 


FTSG, full-thickness skin graft. 


e Obesity. 

e Excessive skin loss post-circumcision, post-trauma/ 
self-mutilation, or due to burns. 

e Lymphedema. 

e After surgery for penile malignancy when a partial/ 
subtotal penectomy is performed. 

The increasing prevalence of predisposing factors 
such as morbid obesity and diabetes will result in an 
increase in prevalence of such cases, which are chal- 
lenging to the urologist and plastic surgeon alike. 

The consequences of this condition are that the 
patient is often unable to micturate in the standing posi- 
tion due to spraying, or he dribbles urine onto the ante- 
rior aspect of the scrotum. Additionally, the patient may 
find sexual intercourse difficult due to the relative size 
of the phallus. This can have significant physical and 
psychological effects on individuals. 

The aims of treatment in this group of patients are to 
restore urinary function (ideally enabling the patient to 
pass urine in the standing position and without spraying 
of the stream), and to restore sexual function. 

Although various techniques have been described to 
treat this condition’! (see Table 30.3), conservative mea- 
sures in the form of weight loss and psycho-sexual 
counseling are advocated initially in all cases. Weight 
loss by dieting or bariatric surgery may not suffice as 
skin laxity from the abdominal apron can still lead to a 
trapped and buried penis, requiring apronectomy. 

If conservative measures fail, surgical techniques cur- 
rently available to treat buried penis include: 

e VY or Z plasty 
e suspensory ligament division 
e skin grafting (usually FTSG) 


Release of scar tissue 

Suspensory ligament division with 
or without use of subpubic spacer 
VY or Z plasty 

Use of FTSG after degloving penis 


e Reduction scrotoplasty 
e Abdominoplasty/ 
lipectomy/liposuction 


e reduction scrotoplasty 
e abdominoplasty 
e penile prosthesis insertion. 

The choice of surgical technique must be tailored to 
the individual patient and his body habitus, as well as 
functional goals’! and patient expectations. In many 
cases these techniques do not increase the true length 
of the penis, but can increase the relative length in 
relation to the abdomen/scrotum, hence providing a 
sense of increase in relative size. The techniques avail- 
able to treat the buried penis are numerous and 
require versatility and often a combination of proce- 
dures, and it is not within the remit of this chapter to 
discuss the merits and outcomes of each individual 
technique. However, the reader is directed to a review 
by Pestana et al.,'! who also propose an algorithm for 
management of the buried penis. The principles are to 
identify if firstly release of any scar contracture would 
release the penis and then tailor the use of graft/flaps 
to cover the defect. However, if the overriding cause is 
abdominal fat impingement or burying, then pannicu- 
lectomy (removal of the abdominal fat) with/without 
division of the suspensory ligament would be the 
mainstay of length release. Any skin or soft tissue 
defects that cannot be closed without tension by pri- 
mary means, will require skin graft or local flaps for 
coverage. 

Objective outcome measures in this condition are dif- 
ficult to define due to the heterogeneity of the etiology, 
patient body habitus, and expectations. However, long- 
term cosmetic results “are satisfactory.”!’ Figure 30.2 
illustrates a technique utilized in the authors’ institution 
to deal with the buried penis. 
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(d) 


Release of the buried penis in an obese patient with phimosis due to lichen sclerosus (LS) affecting the penile shaft 
skin. a) Preoperatively, despite losing approximately 20kg, the patient still had a significant pre-pubic fat pad. b) A wide incision is 
used to excise the pre-pubic fat pad; c) excision of the LS-affected skin resulted in exposure of the penile shaft, which was 


amenable to a thick SSG (d). 


This is an uncommon condition due to abnormal reten- 
tion of lymphatic fluid in the subcutaneous tissues. 
Although the primary pathogenesis is a reduction in 
lymphatic drainage, the etiology can be primary due to 
an abnormal development of the subcutaneous lym- 
phatic system, or secondary to any condition that may 
affect and impair the drainage of the lymphatic fluid to 
the inguinal lymph nodes.!?? 

These conditions include: 

Extended inguinal and pelvic node dissections (e.g., 

following inguinal/groin node dissection for penile 

cancer surgery or melanoma surgery). 

Radiotherapy. 

Malignant infiltration of the inguinal/pelvicnodes. 


Granulomatous infiltration (e.g., Crohn’s disease, sar- 
coidosis, and orofacial granulomatosis — granulomatous 
cheilitis and Melkersson—Rosenthal syndrome). 
Venereal diseases (Chlamydia trachomatis). 

Parasitic infections of the inguinal lymph nodes, e.g., 

filariasis (tropical disease caused by Wuchereria ban- 

crofti, Brugia malayi, and Brugia timori). 

Patients on chronic peritoneal/ambulatory dialysis. 

Idiopathic. 

Lymphedema affecting the scrotum can be treated ini- 
tially by conservative methods, for example, by eleva- 
tion or compression by scrotal support, treatment of 
primary cause if reversible, and antibiotics for suspected 
infectious causes.'* In refractory cases, or in those with 
extremely large and debilitating lymphedema, surgical 
management by a reduction scrotoplasty may be 
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necessary. A “V-” or wedge-shaped incision is used to 
excise the skin and subcutaneous/dartos layers (to 
healthy skin) and primary apposition of the remaining 
tissue can be used. Principles of surgical treatment of 
penile lymphedema include excision of all overlying 
skin and/or lymphedematous tissue superficial to Buck’s 
fascia with either primary closure, FTSG, thick SSG, or 
local flaps to cover the remaining defect.'!*” 


Peyronie’s disease 


Also known as induratio penis plastic, this condition 
was initially described as early as 1561 by Fallopius and 
Ephemerides and named after Francois Gigot de la 
Peyronie, who formally described this condition in his 
paper “On some obstacles opposing the natural ejacula- 
tion of semen” in 1743.” Although non-surgical ther- 
apies may influence the progression of the disease, the 
definitive treatment involves surgery, the nature of 
which will depend on a number of factors such as the 
degree of curvature (<60° vs >60°), strength of erec- 
tions, and compounding factors such as intracorporeal 
fibrosis or hour-glass deformity.'° The surgical 
management of Peyronie’s disease is dealt with in more 
detail in Chapter xx. 

The indications and timing of surgery are outlined by 
the European Association of Urology.” Correction of 
deformity is performed after stabilization of the disease. 
The two main forms of surgery, which tend to correct 
the deformity more than non-surgical means, are 
described and broadly categorized as “penile shortening 
and penile lengthening procedures.” These are described 
in more detail in Chapter 26. 

The penile shortening procedures aim to correct the 
deformity by addressing the convex/non-diseased 
tunica albuginea using techniques of corporoplasty, 
excision, or 16-dot plications. The penile lengthening 
procedure is a misnomer as it does not “increase” length, 
but aims to preserve length (i.e., prevents shortening). 
In actual fact, the surgery reduces the degree of short- 
ening, but due to the possibility of graft contracture, 
penile length may still be lost, albeit to a lesser degree. 
Corporoplasty procedures (e.g., Nesbit operation, Yachia 
or plication techniques) are suitable for lesser degrees of 
curvature, that is, less than 60°. In men with erectile 
dysfunction, other therapies may also be required at a 
later date to restore erectile function, such as medical 


therapy or even implantation of a penile prosthesis. 
The advantage of corporoplasty techniques is the lower 
risk of de novo erectile dysfunction (2-3%). However, 
disadvantages include shortening of the penis (approxi- 
mately 1mm for every 10° correction), palpable knots 
(if not buried), and recurrence (if absorbable sutures are 
used or if surgery is performed prior to plaque 
stabilization). 

Plaque incision and grafting using materials such as 
autologus saphenous vein’? or synthetic material such 
as Tutoplast®,’? porcine small intestinal submucosa 
graft,” or Pelvicol® may be used in patients with good 
erectile function and greater degrees of curvature (>60°) 
or “hour-glass deformity.” 

The advantages of plaque incision and grafting include 
a lesser degree of shortening and maintenance of girth 
in cases of hour-glass deformity. However, complica- 
tions such as erectile dysfunction (15-50%), glans 
hypoesthesia, and some loss of penile length do occur. 
A circumcision is not always necessary in either corpo- 
roplasty or plaque incision and grafting procedures.”! 

For patients who complain of shortening of the penis 
or hour-glass deformities, but have good erectile 
function, length and girth increases can be achieved by 
a combination of circular and longitudinal incisions and 
grafting, as described by Egydio et al.” 


Reconstruction following trauma 


Various traumatic conditions (blunt/penetrating) 
affecting the penis can be managed according to the 
common principles outlined above. We will cover the 
principles of management of various traumatic conditions, 
but this is by no means exhaustive nor prescriptive. 
A wide variety of techniques are available, but versatility 
in their use and utilizing a tailored approach (as opposed 


to a one size fits all) is recommended.” 


Fractured penis 

Forcibly bending the erect penis during sexual activity 
can result in the traumatic disruption of the tunica albu- 
ginea overlying the corpora cavernosa causing a fracture 
of the penis. This is particularly the case where taqaandan 
(a practice of forcefully detumescing an erect penis, as is 
performed in some Middle Eastern countries) is practiced.*4 
In approximately 10% (1-38%) of cases, the urethra is 
also involved and disrupted to a variable degree. 
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Diagnosis is made on clinical grounds, with a typical 
history of pain, hematoma, and a snapping sound with 
immediate detumescence. There may be significant 
hematoma within the subcutaneous tissues (the so- 
called “aubergine” or “egg-plant sign”) and a defect in 
the tunica may be palpable. Early surgical repair is 
advocated although the timing of repair has been con- 
troversial, with a common myth that immediate repair 
is essential. However, a large retrospective case series?” 
has shown no difference in outcome in men present- 
ing and undergoing early surgical intervention (within 
24 hours) compared to those presenting late (up to 
7 days). 

Surgical approaches vary based on the experience of 
the surgeon and the location of injury or involvement of 
the urethra. When available, preoperative imaging in the 
form of ultrasound” or MRI” may not only confirm the 
diagnosis, but also aid localization of the defect and sur- 
face marking in order to direct the surgeon in making a 
short incision directly over the tunical defect.”® 

The majority of explorations are dealt with by a cir- 
cumcision, degloving of the penis, and repairing the 
corporal defect using principles similar to corporoplasty 
for Peyronie’s disease. However, in the authors’ institu- 
tion, the availability of prompt imaging in the form of 
ultrasound ensures the accurate localization of the 
corporal defect, and if a urethral injury is not suspected 
an incision directly over the site allows direct access to 
the corporal defect and closure of the tunica without the 
need for circumcision or degloving of the penis.”® 

In cases where a urethral injury is suspected (approx- 
imately 10%), an alternative to the conventional sur- 
gical approach is to use a midline peno-scrotal incision 
and dissection down to the pre-catheterized urethra and 
adjacent corporal defect. The urethra is dissected off the 
corpora and mobilized proximally and distally. The ure- 
thra is debrided and repaired over a catheter using 3/0 
or 4/0 polyglactin interrupted sutures ensuring tension- 
free closure of the urethral mucosa and the spongiosum 
(Figure 30.3). This approach reduces the need to cir- 
cumcise and deglove the penis, and if the urethral injury 
or fracture is at the base of the penis, avoids the “bunch- 
ing up” of degloved skin interfering with mobilization 
and repair of the urethra/corpora. 


Genital skin loss 
Genital skin loss occurs from a host of causes, including: 
e human or animal bites; 


e urban road traffic accidents when loose genital skin is 
entangled in clothing, which is then subject to decel- 
eration forces; 

e burns; 

e Fournier’s gangrene. 

The principles of repair are primary closure in two 
layers (skin and dartos) when there is no infection. Due 
to the elasticity and compliance of the peno-scrotal skin, 
the redundancy of skin allows this primary closure even 
with significant skin loss. In cases of suspected infection 
(e.g., bites, Fournier’s gangrene), broad-spectrum anti- 
biotics, wound irrigation, debridement, and even 
urinary or fecal diversion may be necessary prior to 
attempting closure — primarily or with skin grafts/local 
flaps. Tetanus toxoid booster or immunoglobulin 
prophylaxis (rabies in the case of animal bites) is 
necessary as per local protocol. Antibiotics should be 
broad spectrum to cover anaerobes as well as aerobic 
bacteria, and this warrants consultation with the micro- 
biologists. Pasteurella multocida is of particular concern in 
dog bites, with Escherichia coli, Streptococcus viridans, 
Staphylococcus aureus, Eikenella corrodens, Capnocytophaga 
canimorsus, Veillonella parvula, Bacteroides, and 
Fusobacterium spp. also being implicated. In human 
bites, consideration must also be given to the risk of sex- 
ually transmitted diseases, such as syphilis, hepatitis, 
HIV, and herpes, as well as actinomycosis or tubercu- 
losis.°?° Human or animal bites should not be closed 
primarily as there is almost certain infection/contami- 
nation associated, partly due to the delayed presenta- 
tion, especially in the case of human bites.*! 

Burns (thermal, chemical, and electrical) affecting the 
genitals only are rare and comprise 1% of the surface 
area of the body. They are usually those concomitant to 
burns affecting other parts of the body. Management in 
a specialist unit, with resuscitation and assessment on 
severity (first, second or third degree), is necessary. In 
case of necrosis, the tissue demarcated would be 
debrided and grafted with SSG or FTSG as necessary.*! 

Fournier’s gangrene warrants treatment in the same 
manner as infected genital skin loss by wide debride- 
ment into healthy bleeding tissue after resuscitation and 
antibiotic treatment to stabilize the patient. The 
superficial skin and dartos are excised removing all 
necrotic infected tissue. Testicles may be either placed in 
thigh pouches created, or may be approximated and 
sutured to each other and allowed to remain “loose” 
within the dressings. 
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Treatment of a fractured penis (a) with a bilateral corporal and urethral injury (b). Repair of the corporal defect and 
urethra (c), through the midline peno-scrotal incision (d) obviates the need for a circumcision and degloving of the penis. 


After 24-48 hours, the wound is reinspected and 
debrided further if necessary. Reconstruction with skin 
grafting and/or local flaps can then be undertaken after 
approximately 7 days/or when the patient has clinically 
improved. 


Partial or total penile amputation, although rare, 
occurs following assault or is self-inflicted with patients 
having underlying psychological issues. Acute manage- 
ment requires resuscitation, management of other life- 
threatening injuries, and where possible/necessary a 
psychiatric evaluation. The amputated stump can be 
placed in a saline-soaked gauze within a sterile bag, 
which is then placed in ice. 


Reconstructive/salvage options depend on the ability 
to retrieve and salvage the amputated appendage, the 
residual stump, and urinary and sexual functional 
needs of the patient. The three main options are 
closure and reconstruction (primary or delayed) of 
the residual stump, reimplantation, or total phallic 
reconstruction. 

Reimplantation should be undertaken as a soon as 
possible. Reimplantation of the corporal structures and 
the urethra is undertaken first to provide a stable 
platform prior to anastomosis of the dorsal neurovascu- 
lar structures. The neurovascular structures should be 
anastomosed using microsurgical techniques, which 
provide superior functional outcomes with respect 
to sensation.””’?! Where the stump is not available, 
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or has been dismembered beyond reconstruction/reim- 
plantation, then the residual penile stump can be 
treated as if following penile cancer surgery. Complete 
or subtotal amputation may thus require total 
phalloplasty. 


Reconstruction of the male genitals after 
total/subtotal penile loss 

After surgery where the entire phallus has been 
excised (total/subtotal penectomy for cancer) or 
following amputation in trauma, and a perineal 
urethrostomy has been created, then surgery for 
reconstruction of the phallus using flaps can be 
contemplated in suitable individuals in order to regain 
sexual function as well as to allow urination in the 
upright position. 

Rotational flaps, for example, the ALT (antero-lateral 
thigh), various abdominal/groin flaps, or free flaps such 
as the radial artery-based phalloplasty (RAP) flaps may 
be utilized. This operation is a staged procedure 
requiring creation of the sensate neophallus, glans 
sculpting to simulate normal glans anatomy, anasto- 
motic urethroplasty to allow upright micturition, and 
then finally insertion of a penile prosthesis to allow 
erections for sexual intercourse. Garaffa et al.’ describe 
the use of the RAP flap for treatment of penile loss from 
penile cancer. Of the 15 patients in this series, with a 
median follow-up of 20 months, all were satisfied with 
the cosmesis and size of the phallus, 14 were able to 
void while standing, and of the seven patients who had 
a penile prosthesis, five could engage in sexual 
intercourse. Urethral strictures occurred in three cases 
and fistulae in four, whereas one patient required penile 
prosthesis explantation secondary to infection. This 
procedure is also utilized for female-to-male trans- 
gender patients, where outcomes and complications are 
similar.*? 

A preliminary report of allograft penile transplant 
shows that this is a feasible option in patients and may 
avoid many of the complications of a rotational or free 
flap phalloplasty. Given the psychological impact of this 
surgery, selection and counseling of patients and their 
partners is likely to play a central role in the acceptance 
of the organ.***? Use of the dorsal, cavernosal, and 
external pudendal vessels may further improve vascu- 
larity and outcomes should this procedure become 
accepted for treatment of men following loss of the 
phallus.*® 


Summary 


In conclusion, surgical reconstructive techniques can be 
used to treat a number of benign and malignant diseases 
of the male genitals. Versatility and knowledge of the 
various techniques, grafts, and flaps, as well as autolo- 
gus and commercially available materials available for 
reconstruction, are paramount for successful outcomes. 
It is equally important that these techniques be per- 
formed in the hands of surgeons based in centers where 
a high volume of cases are treated for the benefit of 
better outcomes. 
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CHAPTER 31 


Disorders of sex development 


Dan Wood 
University College Hospital, London, UK 


Introduction 


This chapter presents a complex group of conditions 
that are rare and may be difficult for the clinician to 
diagnose. The care for these patients needs to be in 
multidisciplinary teams. 

Once into adolescence and early adulthood decisions 
about sex of rearing will usually have been made. 
Occasionally, individuals may decide to change their 
preferred sex. Whilst no one knows the precise incidence 
of these decisions they do seem to be rare. 

In general terms determinants of an individual’s 
gender can be thought of as chromosomal, hormonal, 
or phenotypical — with the chromosomes initiating 
development at conception, triggering differentiation of 
gonads into either ovaries or testes, and the resultant 
hormones influencing the development of internal 
ducts or external genitalia.' Thus a failure in any of 
these areas can lead to disorders of sex development 
(DSD). Diagnosis is most commonly, but not exclu- 
sively, at birth. Where disorders are recognized, a mul- 
tidisciplinary team is essential in making decisions 
about sex of rearing and subsequent management. 
Table 31.1 gives the details of an overall classification 
based on the work of a consensus meeting in 2006 
(Chicago consensus).* This chapter aims to cover those 
aspects of DSD most relevant to a male phenotype. 
The division is somewhat arbitrary but a comprehen- 
sive discussion of DSD is beyond the scope of this 
publication. 

By looking at Table 31.1 it becomes clear that to make 
a distinction amongst these disorders is challenging. For 
the purposes of this chapter we have focused on XY 


DSD with a male phenotype. The content will examine 
disorders covered by the following headings: 

1 Gonadal dysgenesis 

2 Failure of androgen synthesis or receptors 

3 Anti-miillerian syndrome 

4 Other anatomical disorders 

5 Other chromosomal anomalies. 


Presentation 

The diagnosis of these conditions may occur in childhood 
and the most common presentation will be the recogni- 
tion of a male infant with hypospadias and bilateral 
undescended testes. This should trigger a set of investi- 
gations as part of a multidisciplinary team effort, leading 
to a diagnosis and management plan for the patient. 
However, in later life the mode of presentation divides 
into four main groups: cyclical hematuria, infertility, 
gonadal/abdominal tumors, or failure of or delayed 
development at puberty.’ 


Common concerns 

Germ cell tumors 

In all DSDs the risk of germ cell tumors arises from the 

presence of some Y-chromosome matter and the failure 

of testicular development. Genes such as PLAP, OCT3/4, 

and c-KIT are upregulated in poorly developed germ 

cells of a DSD testis. These previously arrested germ cells 

then tend towards one of two premalignant states: 

e Intratesticular germ cell neoplasia (ITGCN) (carcinoma 
in situ) 

e Gonadoblastoma. 

These are both non-invasive states and may be difficult 

to distinguish from maturation delay on histological 
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Table 31.1 Classification of disorders of sex development (DSD). 


Sex chromosome DSD 46,XY DSD 46,XX DSD 

A: 45,X (Turner A: Disorders of gonadal (testicular) development A: Disorders of gonadal (ovarian) development 
syndrome and 1 Complete gonadal dysgenesis (Swyer syndrome) 1 Ovotesticular DSD 
variants) 2 Partial gonadal dysgenesis 2 Testicular DSD (e.g., SRY+, dup SOX9) 


B: 47,XXY (Klinefelter 
syndrome and 


3 Gonadal regression 
4  Ovotesticular DSD 


variants) B: Disorders in androgen synthesis or effect 

C: 45,X/46,XY (mixed 1 Defective androgen synthesis (e.g., 17-hydroxy- 
gonadal dysgenesis steroid dehydrogenase deficiency, 5a-reductase 2 
DSD) deficiency, stAR mutations) 

D: 46,XX/46,XY 2 Defect in androgen action ( e.g., CAIS, PAIS) Cc: 
(chimeric LH receptor defects (Leydig cell hypoplasia, aplasia) 


A w 


ovotesticular DSD) 
Müllerian duct syndrome) 


3 Gonadal dysgenesis 
B: Androgen excess 

1 Fetal (e.g., 21-hydroxylase deficiency, 
11-hydroxylase deficiency) 
Fetoplacental (aromatase deficiency, POR) 
3 Maternal (e.g., luteoma, exogenous) 
Other (e.g., cloacal exstrophy, vaginal atresia, 
MURCS, other syndromes) 


Disorders of AMH or its receptor (persistent 


C: Other (e.g., severe hypospadias, cloacal exstrophy) 


AMH, anti-mullerian hormone; CAIS, complete androgen insensitivity syndrome; MURCS, millerian, renal, cervicothoracic somite abnormalities; 
PAIS, partial androgen insensitivity syndrome; POR, cytochrome P450 oxidoreductase. 


Source: Hughes et al. (2006). Reproduced with permission of Elsevier. 


examination. Histological staining can help with distin- 
guishing the specific cellular characteristics. Once the 
premalignant state is established, current thinking is 
that all ITGCN cells and approximately 50% of gonado- 
blastomas will undergo full malignant transformation.* 

Those at particularly high risk of tumors are patients 
with a combination of gonadal dysgenesis and intra- 
abdominal testes — with an overall risk for malignancy 
of between 15% and 35%. Counseling for these patients 
would include a recommendation for early gonadec- 
tomy. Mild gonadal genesis or partial androgen insensi- 
tivity (where a child is raised as male) represent a far 
more moderate risk, and when the testes are in the 
scrotum counseling is needed in the context of regular 
self-examination, with annual tumor markers and 
ultrasound for life, supplemented by a biopsy during 
early puberty.’ The lowest risk is clearly in those with 
cryptorchidism, where regular testicular self-examina- 
tion is all that is necessary — patients need to be informed 
of the importance.’ 

Tumors are classified into seminomatous and non- 
seminomatous tumors, with an overall survival of 
around 95%. Metastases, high serum markers, and non- 
seminomatous tumors represent high-risk elements. 

Presentation is classically as a painless mass in the body 
of the testis. Tumor markers (a-fetoprotein, B-human 
chorionic gonadotropin, and lactate dehydrogenase) 
and an ultrasound are essential baseline investigations. 


Staging is performed with the use of cross-sectional 
imaging, most commonly a CT scan, and treatment 
usually begins with radical inguinal orchidectomy unless 
early chemotherapy is necessary. 


Infertility 

This is far less likely to be a concern in conditions such 
as isolated hypospadias or unilateral cryptorchidism. 
Fertility is measured by paternity rate in the normal 
population and is around 93%; in unilateral cryptorchi- 
dism it is 90% but drops to 65% in bilaterally affected 
men.° However, in other forms of XY DSD, fertility may 
be much morte severely affected. 

Advances in assisted reproductive technology may 
well offer a solution for some individuals. When the 
testes are biopsied or even removed for diagnosis or 
germ cell tumors, consideration should be given to the 
possibility of sperm harvest and storage. Donor sperm 
and adoption may be further options for families to 
consider. 

Testicular failure, whether part of a clinical syndrome 
or as a result of surgical removal, needs to be managed 
carefully with endocrine support. The importance in 
achieving normal growth, bone density, and overall 
well-being should be discussed with both patient 
and parent. Where necessary periodic measurement of 
serum levels and end organ effect (e.g., bone densitometry) 
should be measured. 
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This begins to underline the essential requirement for 
a multidisciplinary team — at the heart of this is psy- 
chology. At the time of diagnosis families and patient (if 
they are adolescent/adult) will struggle with this and 
they need support in coming to terms with what it 
means. If diagnosed in childhood the issue of where, 
when, how, and by who disclosure to the child should 
occur is important, and psychologists play an enormous 
role in helping to make this judgment, begin the 
discussion, and manage the consequences. 


Gonadal dysgenesis 


The major concerns in this spectrum of disorders are 
around: 

1 small, failing testes; 

2 poor androgen production; 

3 absence of anti-miillerian hormone (AMH); 

4 elevated gonadotropins. 

Partial and mixed gonadal dysgeneses usually result 
in external virilization as a result of some testicular 
development (in mixed there is a streak gonad on one 
side with a dysgenetic testis on the other). Complete 
gonadal dysgenesis will, as a rule, result in a female 
phenotype and can be diagnosed in a girl with delayed 
puberty when a karyotype is requested. 

In partial or mixed variants the level of virilization will 
vary. All variants show disruption in Leydig and Sertoli 
cell development. Failure in Sertoli cells will result in an 
absence of AMH and thus the persistence of miillerian 
structures (uterus and fallopian tube) — the local effect of 
AMH means that changes may be seen on one side only, 
for example, a hemiuterus. If the contralateral testis is 
well developed then wolffian structures will persist. 

Germ cell tumors may occur in any dysgenetic gonad 
or a streak in 46,X/46,XY; the risk is higher in a dysge- 
netic gonad’ There is an associated increased risk of 
Wilms tumor associated with mixed gonadal dysgenesis. 
This is now recognized as Denys—Drash syndrome, 
named after the two workers credited with describing 
cases. Patients usually have nephropathy with protein- 
uria, hypertension, and progressive renal failure. Wilms 
tumors may be bilateral in this condition but commonly 
have a more favorable, triphasic histology. Thus the 
principles behind managing mixed gonadal dysgenesis 
revolve around assigning gender, gonadectomy as 
needed, and screening for Wilms tumor.® 


Failure of androgen synthesis or 
receptors 


Congenital adrenal hyperplasia 

The most commonly affected enzymes are 21-hydroxylase 
or 11-hydroxylase. An infant male with progressive 
weight loss and dehydration may end up in adrenal 
crisis if not spotted. They may be mistaken as having 
pyloric stenosis as they may vomit profusely. Males will 
often be seen to have precocious enlargement of the 
penis, scrotum, and prostate in the first two to three 
years of life. These may be accompanied by pubic hair 
growth, acne, and a deeper voice. Bones will mature 
with early closure of the epiphyses resulting in charac- 
teristically short stature. About one-third will have nod- 
ular testes as a result of adrenal rests — these do not need 
intervention but regular follow-up ultrasound exami- 
nation is advised. 

Steroid replacement is important with hydrocortisone 
and mineralocorticoids. If managed well, fertility 
remains possible for affected boys. 

There are a variety of other syndromes that may affect 
the synthesis of testosterone at any point in the meta- 
bolic pathway. Phenotypes may be very female in 
appearance or male with incompletely virilized male 
external genitalia. 17a-Hydroxylase deficiency may 
result in salt and water retention with hypertension and 
hypokalemia. Affected males will typically have a peri- 
neal hypospadias and chordee. There are no reports of 
paternity in affected males. 

3B-Hydroxysteroid dehydrogenase deficiency may be 
female in appearance but males will have testes — often 
in the scrotum, a small phallus, and hypospadias. 
Wolffian structures are commonly present, and if Sertoli 
cell function is preserved miillerian structures will be 
absent. The condition is diagnosed on steroid profile 
showing raised levels of the 3B-hydroxysteroids, but it 
needs to be considered in undervirilized males as they 
may develop a salt-wasting state. 


Receptor defects 

Partial androgen resistance 

These may present with a female phenotype but any- 
where along a spectrum to a male with hypospadias — 
often with undescended testes, gynecomastia, and 
infertility. These can be managed surgically at a time 
judged appropriate by parent, patient, and surgical 
team. Receptors may be reduced in either number or 
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affinity. Men will have normal or high luteinizing hor- 
mone (LH) and testosterone levels. Sex of rearing may 
well be decided on the basis of the genital appearance. 
In a male phenotype the prostate and wolffian duct 
structures may be underdeveloped. Sex hormone 
binding globulin will decline less than expected when a 
patient is tested with an anabolic androgen.’ 


5a-Reductase deficiency 

These individuals will have an XY karyotype and geni- 
talia with varying degrees of ambiguity. The vasa are 
often blind ending, the testes may be in the groin or 
abdomen, and the phallus is typically small. These have 
low levels of dihydrotestosterone (DHT) and high tes- 
tosterone (T) levels — this is demonstrated in the form of 
a T/DHT ratio that is much higher than normal. There 
will often be extensive virilization at puberty but 
external genitalia may be poorly developed as these 
seem much more dependent on DHT. These cases can 
be surgically reconstructed along with an orchidopexy. 
See “Micropenis” section below.'° 


Anti-millerian syndrome 


This is caused by either an insufficiency of anti-miille- 
rian hormone or an insensitivity to the hormone at the 
point of its target organ. 

The classical appearance of these patients is of a male 
child with normal male external genitalia but internally 
miillerian structures will persist — uterus, fallopian 
tubes, and a vagina — often draining into a urticulus 
masculinis. Testes may be abdominal, in a hernia sac, 
and may be brought into the scrotum with orchidopexy. 
The miillerian structures, including the fallopian tubes 
and uterus, may be present in the hernial sac. There is 
debate about removal of miillerian structures — the con- 
cern is that the vasa relate very closely to them and 
may be damaged in their removal, thus damaging the 
prospect for fertility. ™7 


Other anatomical disorders 


Hypospadias 

Hypospadias is a recognizable phenotype — some would 
classify it amongst the DSDs. Others would recognize it 
as part of the manifestation of some disorders of sex 


development. Thus it deserves discussion here. The pre- 
cise impact of hypospadias on sexual function is difficult 
to assess, and there are substantial variations in both the 
quality and interpretation of data surrounding these 
patients.'*'* 

There are subjective concerns — many men with 
hypospadias will raise concerns about cosmesis. 
Dissatisfaction with appearance may be based on fea- 
tures such as chordee, other scarring, or reduced penile 
length," depending on the assessment and, for some, 
the influence of culture. The rate varies;'*!”? Rynja’s 
review suggests that the rate may be 30% in all 
hypospadias rising to 54.3% in severe hypospadias.'* 
Although clearly there are surgical issues that arise, the 
lack of prospective follow-up makes it very difficult to 
cite an exact incidence of concerns, and many papers do 
not cite a reoperation rate or a length of follow-up. The 
introduction of objective measures such as HOPE 
(Hypospadias Objective Penile Evaluation)'* or the 
(pediatric penile perception score)’ aim to achieve con- 
sistency in evaluation. These are important, and whilst 
no one underestimates the resource burden of prospec- 
tive follow-up in such a common disorder it is essential 
to a true understanding of the incidence of surgical 
problems that arise and affect penile function in all 
domains. 

Chordee that recurs, especially associated with the 
penile growth in puberty, is well recognized and is cor- 
rectable with reoperation.” Some authors have sug- 
gested that whilst the problem may be noted at a median 
of 16 years, presentation is often delayed with patients 
presenting at a median of 21 years.” 

Ejaculation may also be affected: in the most severe 
form of hypospadias anejaculation is the presentation, 
but more commonly spraying or lack of propulsion are 
noted. The basis behind this is most commonly the lack 
of spongiosum or a secondary urethral stricture. Other 
problems may include sacculation/diverticulae, or urtic- 
ulus masculinus. The urethra will need evaluation and 
treatment in a specialist center — an ascending and 
descending urethrogram will give the most information 
if a urethral stricture is suspected. Some of these issues 
may affect fertility in hypospadias patients, otherwise it 
is difficult to explain the fact that there is a slight 
reduction in paternity rates and an increase in seeking 
infertility treatment when compared to controls. These 
differences were more pronounced when associated 
with other genital anomalies.” 
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There is a dearth of data relating to erectile dysfunction 
in hypospadias. Some reports have suggested a rate of up to 
24%.” The lack of validated assessment in adult life makes 
it impossible to know what the real level of the problem is. 
Evaluation would need to take into account previous 
surgery but would be based along the same lines as stan- 
dard guidelines for the evaluation of erectile dysfunction. 

Alongside the incidence of surgical problems, con- 
cerns relating to psychological and psychosexual prob- 
lems are commonly raised.” It is the experience of the 
author and reflected in the literature that many of these 
young men are reluctant to seek help or advice relating 
to problems that they encounter. Careful handling is 
essential. Some may need reassurance and some may 
need surgical or other intervention. 

When evaluated, studies diverge with some showing 
affected men to have no difference to controls.’*?¢ 
Others suggest a delay in sexual debut with an increase 
in shyness, depression, and enuresis.'*?”?8 Patients tend 
to view their genital outcomes more negatively than 
surgeons. There is a greater tendency for hypospadiac 
men to appraise their genitalia negatively but this does 
not correlate with sexual function.”°”? 

In an ideal world all these patients would feature on a 
prospectively compiled database and would be followed 
up regularly with a review into puberty and beyond. 
The practicalities of achieving this are huge and would 
overload most services. However, there is a necessity for 
these patients to see a surgeon familiar with the pitfalls 
of hypospadias surgery in adolescence. The evaluation is 
important and may prove reassuring. For those with 
surgical problems, correction should be concentrated in 
the hands of expert centers. Similarly, the psychosocial 
and psychosexual issues that arise can be significant and 
need handling by those expert in doing so. 


Micropenis 
Young adults will typically present with two principal 
sources of anxiety. First, the visible appearance of the 
penis, and second the diagnosis and treatment. Referrals 
may come from pediatricians, endocrinologists, or gen- 
eral practitioners — causation may not be clear but it 
remains important to seek an underlying diagnosis.*®*! 
Isolated micropenis occurs more commonly with a 
gonadotropin deficiency, while those associated with a lack 
of testosterone are often accompanied by hypospadias. 
Whilst micropenis may be idiopathic, recognized causes 
include: 


e Primary testicular failure — e.g., anorchia, partial 
gonadal dysgenesis, Klinefelter’s syndrome. 

e Hypogonadotropic 
syndrome, CHARGE syndrome. 


hypogonadism - _ Kallmann’s 
e Defects in testosterone action — partial androgen 
insensitivity, 5a-reductase deficiency. 
e Developmental anomalies — aphallia, cloacal exstrophy. 
Another anxiety relates to long-term sexual function. 
The response of many patients and their parents is that 
they will simply not be able to pursue a normal sexual 
relationship and that an operation is the key to resolving 
this. The author have spent many clinic consultations 
discussing these anxieties and trying to find a reason- 
able treatment path that is acceptable to both patient 
and treating surgeon. The data in Table 31.2 summarize 
seven series and suggest that the outcome for sexual 
function has been favorable. In this analysis, 95% of 
patients were having normal erections, and 60% were 
engaging in regular sexual intercourse. Thirty-eight per- 
cent of those included had psychological problems, 
which strongly suggests that careful counseling and 
psychological support are essential components of 
management, and may allow some men to accept 
that they are able to achieve a meaningful and intimate 
relationship without surgical intervention.**** 


Testicular regression syndromes 


These are defined by clear evidence of testicular function 
during development but absent testes and a 46,XY 
karyotype. The mechanism of the testicular absence or 
vanishing is not clearly understood it may have a ge- 
netic or teratogenic basis. The other possibility is bilateral 
torsion. It is thought that even when the testes were 
present they had abnormal function. At diagnosis serum 
follicle-stimulating hormone (FSH) and luteinizing hor- 
mone (LH) will be high but testosterone will be at cas- 
trate levels. Males will need testosterone replacement 
from puberty. Testicular prostheses may be helpful in 
managing cosmetic concerns.® 


Other chromosomal anomalies 
Klinefelter’s syndrome 


This has an incidence of 1 in 1000 male births. It is 
defined by the presence of an additional X chromosome, 
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Table 31.2 Sexual Function with a small penis. 


Reilly and Miller and Money Husmann® Wisniewski Bin-Abbas Van Seters TOTAL 
Woodhouse”? Grant? et al.34 et al.3¢ et al.?” and Slob? 
Number (n) 20 19 9 20 13 8 3 92 
Gender Identity 0 2 0 0 0 0 2% 
Disorders (G.I.D.) 
Erections 20 15 9 20 13 3 95% 
Heterosexual 20 6 19 10 3 63% 
Homosexual 0) 3 1 4% 
Bisexual 1 2 3% 
Regular sexual 15 6 12 6 3 60% 
intercourse (S.1.) 
Psychological problems 6 9 5 6 0 38% 


Source: Wood and Woodhouse (2011).?° Reproduced with permission of Hindawi Publishing Corporation. 


producing a 47,XXY karyotype.? Diagnosis may be 
delayed into early adulthood and investigation initiated 
because of incomplete virilization. Men suffering with 
this are classically described as having small, firm testes, 
gynecomastia, and raised FSH and LH levels. Testosterone 
levels are normal in approximately 50%. The onset of 
puberty and development of secondary sexual charac- 
teristics is not usually delayed,although completion may 
be. Whilst virilization may be complete in some, patients 
may present with hypogonadism, gynecomastia, and 
sexual or erectile dysfunction — infertility may be the 
first presentation; a focused examination looking for 
small, firm testes and gynecomastia is important. 
Progressive decline in testicular function is the expected 
course for most patients.*° Fertility is likely to require 
medical intervention for many of these patients — how- 
ever there are rare cases of natural conception in the 
literature.” 


Kallmann’s syndrome 

Kallmann’s syndrome is an X-linked disorder; depend- 
ing on the precise genetic anomaly it can be either 
autosomal dominant or recessive. There is an isolated 
gonadotropin-releasing hormone deficiency with an 
associated anosmia (hypogonadotropic hypogonad- 
ism). Males will show partial pubertal development 
with small testes.“ Testosterone levels are low as are 
serum LH and FSH - pituitary function is otherwise 
normal. These boys are phenotypically characterized by 
a microphallus and cryptorchidism. This may be recog- 
nized in infancy if the correct hormonal profile is 


measured and detected — many cases are not picked up 
until adolescence.** One treatment option is with tes- 
tosterone to ensure pubertal development along with 
normal sexual function, and bone and muscle mass. 
The alternative is treatment with human chorionic 
gonadotropin (hCG) — doses need to be carefully titrated 
to avoid the development of gynecomastia (estrogen 
may be produced as a result of stimulating the testes 
with hCG). 

Various forms of gonadotropin therapy, including 
recombinant FSH, can be used to induce fertility in 
these men. This may be continuous or pulsatile — the 
aim is to induce intrinsic spermatogenesis.** 


Smith-Lemli-Opitz syndrome 

The genital anomalies seen in this rare condition are 
hypospadias and cryptorchidism; it is further character- 
ized by microcephaly, hypotonia, dysmorphic facies, 
and syndactyly. There may be other visceral anomalies 
including the upper urinary tract. It is a rare condition 
affecting steroid metabolism and is inherited in an 
autosomal recessive pattern.’ 


Opitz syndrome 

Again, hypospadias and cryptorchidism along with a 
bifid scrotum are the genital features of this condition. 
There is hypertelorism and abnormal separation bet- 
ween the respiratory bud and the foregut resulting in a 
cleft between the larynx and esophagus — this may 
result in respiratory difficulties, including aspiration for 
the affected infant.’ 
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Introduction 


Prostate cancer is the most common solid malignancy in 
men in the Western world,' and patients may be offered 
a range of treatment options. The earlier diagnosis of 
low-volume, low-risk prostate cancer has increased the 
numbers of men who have a long period of survival 
after diagnosis, and, therefore, health-related quality of 
life (HRQOL) outcomes are very important. The poten- 
tial side effects of treatment for prostate cancer may be 
life-changing, including the risk of bladder, bowel, and 
sexual dysfunction, and patients must be aware of both 
the available treatment strategies and their potential 
associated side effects. A number of validated question- 
naires are available to assess sexual and erectile function, 
which allow the ability to compare patient groups both 
in and between studies. Recording baseline sexual 
function, including pre-treatment potency and other 
variables of sexual function, allows more accurate 
comparison of functional outcomes according to base- 
line function. Collection of these data varies widely 
between published series, making comparisons difficult, 
as does the definition of sexual dysfunction used in each 
study. A comparison of patient self-reported potency 
and the validated International Index of Erectile 
Function (IIEF) measure revealed that of the men who 
subjectively reported full potency, only 43% measured 
as baseline “potent” in the sexual function domain of 
the IEF? highlighting the importance of using validated 
measures of sexual function to obtain accurate results 
for pre- and postoperative comparisons. Health-related 
quality of life outcomes are independently associated 


with patient satisfaction with their care,’ and therefore 
considering this prior to treatment may help to manage 
expectations and prevent dissatisfaction. 


Sexual dysfunction 


Sexual dysfunction has been reported as the most 
common long-term side effect of prostate cancer 
treatment.’ The term “sexual dysfunction” encompasses 
all the potential effects upon sexual function — erectile 
dysfunction, reduced libido, penile deformities, ejaculatory 
and orgasmic dysfunction, as well as changes that may 
occur in the relationship between the patient and his 
partner. Although erectile dysfunction is well documented 
after many methods of prostate cancer treatment, the 
other forms of sexual dysfunction may be equally bother- 
some to patients and are important to consider. Saitz et al. 
used the Male Sexual Health Questionnaire (MSHQ — a 
validated self-administered questionnaire used to assess 
erection, ejaculation, and sexual satisfaction in aging 
men’) to assess baseline sexual function in men in their 
urology clinic with a histopathologically confirmed diag- 
nosis of prostate cancer, prior to definitive treatment.‘ 
They showed that decreased sexual desire and activity, 
erectile dysfunction, and ejaculatory dysfunction are 
present among men with newly diagnosed prostate 
cancer, prior to undergoing any treatment for the cancer. 
Awareness of this baseline, and individual patient expec- 
tations, may improve pre-treatment counseling. 

Once oncological control is established, the functional 
effects of prostate cancer treatment become increasingly 
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important and remain important to men throughout 
their lives, especially as survival for low-risk localized 
prostate cancer is excellent. The Scandinavian Prostate 
Cancer Group-4 (SPCG-4) randomized trial reported a 
cohort of 1201 men with localized prostate cancer who 
were randomly assigned to radical prostatectomy or 
watchful waiting. Johansson et al. reported the quality 
of life outcomes in these men and an additional 281 
men as a population-based matched control group, after 
a median follow-up of 12.2 years (median age 77 years).’” 
High self-assessed quality of life was reported in 35% of 
men after radical prostatectomy, 34% of men after 
watchful waiting, and 45% of men in the control group. 
Eighty-four percent of men in the radical prostatectomy 
group reported erectile dysfunction, 80% in the watch- 
ful waiting group, and 46% in the control group. There 
was also a raised level of anxiety in both the treatment 
groups, compared with the control group. In this study, 
treatment-associated morbidity was high, as was the 
level of anxiety and reduced quality of life. The implica- 
tions of prostate cancer diagnosis and treatment are 
significant, and discussion about the potential risks and 
benefits of treatment should begin even prior to the first 
prostate-specific antigen (PSA) test. 


Preoperative sexual function 
and treatment - can outcome 
be predicted? 
The Prospective Prostate Cancer Outcomes and 
Satisfaction with Treatment Quality Assessment aimed 
to develop a model to predict longer-term erectile 
function for men with prostate cancer. It reports a pro- 
spective, longitudinal, multicenter cohort of men with 
clinical stage T1-T2 prostate cancer, who subsequently 
underwent primary treatment with radical prostatec- 
tomy, external beam radiotherapy, or brachytherapy. 
Patient-reported outcome measures were recorded, 
including the Expanded Prostate Cancer Index 
Composite (EPIC-26), as well as use of medications or 
devices for management of erectile dysfunction. 
Alemozaffar et al. reported on the 86% of these men 
who were followed up for at least 24 months.’ At 2 
years after surgery, functional erections were present in 
37% of all men, and in 48% of men with functional 
erections preoperatively. Fifty-three percent (excluding 


those with penile prostheses) reported the use of 


medications or devices for their erectile dysfunction. 
Multivariate analyses were used to determine the risk of 
postoperative erectile dysfunction in individual groups, 
depending on preoperative factors including baseline 
sexual function, cancer severity, and individual clinical 
variables. The predicted erectile function at 2 years after 
treatment varied between <10% and >70%, depending 
on individual patient characteristics and the nature of 
their treatment. 

Pre-treatment sexual function is, not surprisingly, 
an important predictor of post-treatment function. A 
systematic review of prognostic indicators for recovery 
of erectile function after radical retropubic prostatec- 
tomy identified that reported rates of preoperative 
potency ranged from 43% to 84%.° In addition, the 
importance of sexual dysfunction to patients — their 
“sexual bother” — is also important when considering 
quality of life outcomes. This may be influenced by the 
level of sexual activity prior to treatment for prostate 
cancer. Steinsvik et al.'° showed that the level of sexual 
bother increased from 18% prior to radical prostatec- 
tomy, to 66% at 1 year postoperatively. This increase 
was more marked in the subgroup of patients who were 
sexually active prior to treatment (59% compared to 
25%), and persisted in those who remained sexually 
active after prostatectomy. The importance of sexual 
bother is further demonstrated by Kimura et al., who 
retrospectively reviewed 2345 patients who underwent 
radical prostatectomy.'' They noticed a subgroup of men 
who had a reduction in sexual bother, despite persistent 
sexual dysfunction. These men were more likely to be 
older, with higher stage disease, extracapsular extension, 
and seminal vesicle invasion, and not to have undergone 
a nerve-sparing procedure. They were also less likely to 
use phosphodiesterase type 5 inhibitors (PDE5Is) after 
surgery. Whilst sexual function is commonly measured 
and documented after treatment for prostate cancer, 
there is a group of men, as demonstrated in this study, 
who do not place as much importance upon post- 
treatment sexual function and therefore report less 
sexual bother. 


Radical prostatectomy 


Radical perineal prostatectomy was developed in 1904 
at Johns Hopkins Hospital, and the retropubic approach 
was subsequently introduced by Millin in 1947. Both 
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approaches were associated with significant side effects, 
including erectile dysfunction in almost all patients. 
Intraoperative and cadaveric anatomical studies 
revealed the dorsal vein complex, pelvic plexus, striated 
urethral sphincter, and lateral pelvic fascia.’? Using this 
information, the “nerve-sparing” radical retropubic 
prostatectomy was described by Walsh and Mostwin,” 
aiming for preservation of sexual function, reduced 
urinary incontinence and reduced blood loss, whilst 
maintaining cancer control. This paper also suggested 
that only unilateral nerve sparing may be adequate to 
preserve erectile function, and Walsh et al. had previ- 
ously reported that negative surgical margins, and 
therefore good cancer control, could be maintained 
with the nerve-sparing approach.'* Anatomical observa- 
tions, and subsequently surgical approaches, have been 
further refined — Costello et al. more precisely defined 
the anatomy of the neurovascular bundle and caverno- 
sal nerves, in particular the posterolateral and posterior 
components.’? Eichelberg et al. described the nerves 
that may be located anteriorly, and proposed an 
alternate, higher surgical approach to avoid these during 
a nerve-sparing procedure.'® Walsh has described the 
“high-anterior release,” aiming to avoid injury to the 
apical neurovascular bundle.” Although avoiding 
damage to the cavernous nerves during radical prosta- 
tectomy has greatly reduced the incidence of erectile 
dysfunction, this remains a significant potential side 
effect of the procedure. This may be due to failure of 
the nerve-sparing procedure, or local trauma to the 
nerves such as stretch, heat, ischemia, and local inflam- 
mation.'* This temporary neuropraxia may cause 
structural changes in the penile tissue, due to smooth 
muscle apoptosis and fibrosis caused by hypoxia.!’ 
Therefore, even with a nerve-sparing procedure, 
changes in the veno-occlusive mechanism may result in 
erectile dysfunction. Intraoperative protection of the 
nerves from traction and heat exposure aims to reduce 
these potential side effects. Stember et al. attempted to 
define whether baseline erectile function was predictive 
for the attempted preservation of the cavernous nerve 
during radical prostatectomy.” They retrospectively 
reviewed a prospective database of 2323 men with 
localized prostate cancer who underwent radical prosta- 
tectomy at a single tertiary center, excluding those who 
were also treated with neoadjuvant or adjuvant 
hormonal therapy or radiotherapy. They reported that 
reduced baseline erectile function independently predicts 


for non-nerve-sparing procedures, presumably as the 
surgeon will choose not to nerve spare, and hence max- 
imize cancer clearance, in those men with poor baseline 
function. Non-nerve-sparing procedures were associ- 
ated with reduced urinary continence and potential 
cavernous venous leak, therefore they recommend that 
baseline erectile function, even when impaired, should 
not be used in deciding whether to attempt a nerve- 
sparing prostatectomy. 

A review of oncological and functional outcomes after 
radical prostatectomy (RP) reported that although up to 
40% of men have documented biochemical recurrence 
after RP, prostate cancer-related deaths occurred in less 
than 10% of men at 15 years after surgery.*’ With good 
oncological control, focus on functional outcomes aims 
to reduce treatment-associated morbidity. Functional 
outcomes vary widely and favorable outcomes have 
been linked to several variables including younger 
patient age,” preoperative potency,’ and preservation 
of the neurovascular bundles.’ Kundu et al.*4 reported a 
series of 1834 men who were potent prior to surgery, 
and underwent anatomical nerve-sparing (either uni- 
lateral or bilateral) radical retropubic prostatectomies 
without any adjuvant radiotherapy or hormone therapy. 
They reported that 76% of men treated with bilateral 
nerve-sparing and 53% with unilateral nerve-sparing 
procedures were able to achieve erection sufficient for 
intercourse. Younger men were significantly more likely 
to achieve erection postoperatively in this group, with 
92% of men aged 40-49, 85% of men aged 50-59, 70% 
of men aged 60-69, and 51% of men aged 70 or over 
recovering erectile function. However, this group did 
not use a validated measure of erectile function, and 
most of the data were collected by the surgeon. The use 
of medication or devices to aid erectile function was not 
specifically reported. The risk of postoperative com- 
plications such as urinary incontinence and sexual 
dysfunction are lower in high-volume centers with 
experienced surgeons. This was reported by Walsh et al. 
in 2000,” and has been reliably reproduced by other 
groups since. There may also be a difference in quality 
of life outcomes between surgeons — Hartz et al. 
reviewed patients who had undergone prostatectomy at 
least 1 year previously, and showed significant vari- 
ability for strength of erections, urine leakage, and 
length of hospital stay.” Patients from higher-volume 
surgeons reported significantly lower urinary leak and 
had a shorter hospital stay. 


Sexual dysfunction and prostate cancer therapy 305 


Walsh et al. reported results from a group of 64 men 
who underwent anatomical radical prostatectomy for 
localized prostate cancer, with 86% achieving erection 
suitable for intercourse (with or without sildenafil) at 18 
months after the procedure. A prospective study of 586 
men who underwent laparoscopic radical prostatec- 
tomy in a single center evaluated the erectile function of 
eligible men who received penile rehabilitation with 
medical therapy after the procedure and were followed 
up for 24 months.” At 24 months follow-up, 68% who 
underwent bilateral nerve-sparing surgery, and 35% 
who underwent unilateral nerve-sparing surgery 
reported erectile function suitable for intercourse, and 
the median IIEF-5 score for all patients was 13 (5 for 
unilateral nerve spare and 15 for bilateral nerve spare). 

Longer-term data are now emerging: Sivarajan et al.” 
have reported outcomes from their 10-year prospective 
longitudinal cohort of 1836 men who underwent rad- 
ical prostatectomy (mean age at surgery 59.2 years; 
76.5% underwent bilateral nerve-sparing procedure, 
15.1% unilateral, and 3.2% no nerve spare) at their 
institution between October 2000 and September 2012. 
They used the validated University of California, Los 
Angeles Prostate Cancer Index (UCLA-PCI) question- 
naire, incorporating both sexual (from a composite 
score) and erectile function (from a single question). 
They reported that, after an initial decline in sexual 
function, the majority had improvement in both sexual 
and erectile function in the first 2 years after surgery. 
From 2 to 10 years after surgery, both sexual and erec- 
tile function remained quite stable — 58.5% of responders 
reported no change between 2 and 4 years after the 
procedure. This study also compared the age-related 
decline in sexual and erectile function expected in the 
general male population, and observed that some fea- 
tures of this decline were not reported in their RP 
population. This paper did not comment specifically on 
the prevalence of PDE5I use, or uptake of other 
treatment modalities for erectile dysfunction, and did 
not control for the use of either radiotherapy or 
androgen-deprivation therapy, although they did com- 
ment that, given the almost certain negative effect upon 
erectile and sexual function, exclusion of these individ- 
uals would have likely reinforced, rather than nega- 
tively affected, their conclusions. Another group, from 
the Memorial Sloan Kettering Cancer Center, reported a 
single question, five-point score (the MSKCC erectile 
function scale), for which they demonstrated a good 


correlation with the HEF erectile function domain 
score,” suggesting that a single question may be as 
effective in assessing patients as a more detailed tool 
such as the IEF. 

A systematic review examined the other features 
of sexual function that may be affected after radical 
prostatectomy — orgasm-associated incontinence, urinary 
incontinence in relation to sexual stimulation, altered 
perception of orgasm, orgasm-associated pain, penile 
shortening, and penile deformity.*® Whilst it is difficult 
to predict which patients will experience these side 
effects, all must be counseled preoperatively. A vali- 
dated questionnaire would provide a framework for 
objective assessment and documentation, thereby 
potentially making comparisons easier and allowing 
prediction of which individuals may be affected. The 
lack of ejaculation (“dry ejaculation”) may also affect 
quality of life. Dubbelman et al.*! described a cohort of 
men who underwent radical retropubic prostatectomy 
(RRP), and who retrospectively answered questions 
about their sexual function pre- and postoperatively. 
These authors reported that 82.1% of the cohort were 
sexually active preoperatively, and that 32.7% of 
these were no longer sexually active postoperatively. 
Continued sexual activity was associated with age of 60 
years or less, a bilateral nerve-sparing procedure, and 
urinary continence requiring use of two or fewer pads 
per day. These factors also significantly affected 
orgasm — prior to RRP orgasm was normal in 90% of 
men. This was preserved in 73.4% after bilateral nerve- 
sparing procedure, in 70.9% after unilateral nerve-sparing 
procedure, and in 54% of those with no attempted 
nerve spare. The loss of penile length and penile defor- 
mity, which may occur after radical prostatectomy, are 
likely due to penile fibrosis and apoptosis of the smooth 
muscle of the corpus cavernosum after cavernosal nerve 
injury. Preserving erectile function after RP is associated 
with maintenance of penile length,” as is postoperative 
use of penile vacuum devices,” which also conveyed an 
improved early sexual function.** 

Salvage prostatectomy provides a treatment option 
for men with recurrent disease after initial definitive 
treatment. A systematic review of cancer control and 
functional outcomes for salvage radical prostatectomy 
in radiorecurrent prostate cancer” revealed that postop- 
erative erectile function suitable for intercourse ranged 
between 0% and 20%. Thirteen studies were included, 
reporting open, laparoscopic, and robotic approaches. 
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However, the preoperative erectile dysfunction was 
high in some studies, with erection suitable for 
intercourse documented as between 9% and 90% (and 
between 9% and 50% if two small cohorts were 
excluded). Eighty percent of patients were recom- 
mended to use oral medication or other intervention for 
erectile dysfunction. However, oncological outcomes 
must be considered: 21 studies were included in the 
systematic review, with biochemical recurrence-free 
rates at 5 years ranging from 47% to 82% and 28% to 
53% at 10 years, and overall survival ranging from 54% 
to 89% at 10 years. In some centers, the insertion of 
penile prostheses in these men aims to overcome the 
high proportion of men with erectile dysfunction after 
salvage treatment. 


Penile rehabilitation after 
radical prostatectomy 


Despite the use of nerve-sparing techniques, erectile and 
sexual dysfunction continues to be a potential side effect 
of radical prostatectomy, and importance is placed upon 
early rehabilitation after the procedure, in order to main- 
tain long-term erectile and sexual function. The British 
Society for Sexual Medicine Guidelines recommend the 
use of both PDE5Is and a vacuum erection device for 
management of ED after radical prostatectomy. 

The concept of penile rehabilitation was first pro- 
posed by Montorsi et al.,*° who randomized 30 patients 
after nerve-sparing prostatectomy to either treatment 
with intracavernous alprostadil injection three times a 
week for 12 weeks, or no treatment. The treated group 
showed improvement in erections satisfactory for 
intercourse, nocturnal erections, and penile hemody- 
namics. Despite the small patient numbers, this sug- 
gested the potential importance of penile rehabilitation 
after prostatectomy. In animal models, PDE5Is have 
been shown to reduce structural changes in penile tissue 
after cavernous resection, through preservation of 
smooth muscle and inhibition of corporal fibrosis,” and 
to reduce apoptosis of penile smooth muscle and endo- 
thelial cells.** PDE5Is were also protective against veno- 
occlusive impairment after bilateral nerve resection.'* In 
humans, several placebo-controlled, randomized trials 
have compared PDESIs for penile rehabilitation. Padma- 
Nathan et al. randomized men to daily sildenafil or 
placebo from 4 weeks after prostatectomy.” This study 


was stopped early, due to a lack of treatment effect; 
however, spontaneous erectile activity occurred in 27% 
of the treated group, compared to only 4% of the 
placebo group, and nightly treatment improved noc- 
turnal erections compared to placebo. Another study 
showed that, in men who were potent prior to bilateral 
nerve-sparing prostatectomy, vardenafil had good effect 
when used on demand, compared to a nightly dose and 
placebo.*° 

Negative pressure from a vacuum erection device 
(VED) draws blood into the corpora. This improves oxy- 
genation, and, if the constriction band is not used, tissue 
hypoxia is prevented. Both increased IEF scores and a 
marked increase in spontaneous erections have been 
demonstrated when used early after surgery.** Use of a 
VED has also been shown to reduce the loss of penile 
length that may be associated with radical prostatec- 
tomy — 5 out of 11 patients not using a VED during 
rehabilitation show a loss of penile length of approxi- 
mately 2cm.“ A small group of 13 patients reported by 
Engel showed that men with erectile dysfunction after 
bilateral nerve-sparing radical prostatectomy had a 
more complete and quicker return of sexual function 
when treated with the PDE5I tadalafil and a VED (used 
daily for at least 5 days each week), compared to tadalafil 
alone.” 


Radiotherapy and brachytherapy 


Radiotherapy for prostate cancer may be associated with 
urinary, bowel, and sexual function side effects. Some of 
these effects may be due to vascular damage to the 
cavernosal smooth muscle nerves. Small vessel damage 
due to accelerated atherosclerosis has also been pro- 
posed as a potential mechanism, and other structures, 
such as the internal pudendal arteries, penile bulb, and 
crura may receive radiation during treatment. As with 
radical prostatectomy, patient characteristics have a 
large influence on post-treatment sexual outcomes. 
Increased patient age, use of androgen-deprivation 
therapy (ADT), baseline erectile function, and comor- 
bidities, such as diabetes mellitus, are associated with 
reduced erectile function after treatment.’ Potential 
morbidities have been reduced with more precise 
planning and other technical advances, such a real-time 
tracking, intensity-modulated radiation therapy (IMRT), 
and volume-modulated therapy. 
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The Prostate Cancer Outcomes Study (PCOS) 
included 3533 patients with prostate cancer diagnosed 
between 1 October 1994 and 31 October 1995. A cohort 
of 1655 of these men (aged between 55 and 74 years) 
underwent either surgery (7=1164) or radiotherapy 
(n=491).* Multivariate analysis demonstrated that 
patients who underwent prostatectomy were more 
likely to experience erectile dysfunction at both 2 and 5 
years postoperatively, but there was no significant 
difference between the two groups after 15 years. 
However, the prevalence of erectile dysfunction in all 
men at 15 years was very high — 87.0% of those who 
underwent prostatectomy, and 93.9% of the radio- 
therapy group. This demonstrates the decline in sexual 
and urinary function over time, representative of that 
which also occurs in the general male population. This 
study represents the longer-term follow-up, which is 
required in studies of prostate cancer, where survival 
may be many years; but the small sample size at 15 
years follow-up may have produced a sample-size bias, 
and therefore further work with long-term follow-up of 
larger cohorts is required. 

The reported incidence of sexual dysfunction after 
prostate brachytherapy (both alone and in combination 
with other treatment modalities) ranges widely. This 
may be due to differences in patient population demo- 
graphics (in particular patient age), differences in tech- 
nique, use of additional therapies, and differing 
definitions of erectile and sexual dysfunction. Stone and 
Stock? reported a cohort of 325 men (mean age 67 
years) with localized prostate cancer who underwent 
treatment with 1I brachytherapy between 1990 and 
2000. Median follow-up was 7 years, and 271 were 
evaluated at 5 years. On assessment using the Mount 
Sinai Erectile Sexual Function Score (MSEFS), 94.5% of 
men were potent prior to treatment. At 5 years follow- 
up, 61.5% of men who were potent prior to treatment 
reported the ability to maintain erections suitable for 
intercourse, with or without the use of PDESIs. 
Buckstein et al.** reported on a cohort of 131 men aged 
less than 60 years with more than 10 years of follow-up 
after treatment with brachytherapy, or brachytherapy 
with external beam radiotherapy. Of men who were 
potent prior to treatment, 69% remained potent at 10 
years, with or without PDE5I use, and the authors com- 
mented that those men who were not potent may 
reflect the 30% increased prevalence of ED in men that 
occurs between 60 and 70 years of age. 


Pahlajani et al. reported a series of 69 men treated 
with '*I seed implantation brachytherapy between 
2002 and 2005, who had been followed up for at least 1 
year with 6- and 12-month IJEF and Sexual Health 
Inventory for Men (SHIM) questionnaires.“ They com- 
pared those who had chosen to take PDESIs early (daily 
sildenafil, starting immediately after seed implantation, 
with additional doses prior to sexual activity) with those 
who did not use PDESIs. In the group that did not take 
PDE5Is, the IIEF score dropped from 21.3 prior to 
treatment to 11.5 at 6 months, and to 11.2 after 12 
months. This is in contrast to the PDESI group, whose 
average IIEF score prior to treatment was 26.0, and 
then was 21.7 at 6 months, and 21.8 at 12 months. This 
study is limited by the non-randomized nature of the 
groups, and may reflect differential patient motivation 
and a reduced importance of remaining potent for 
patients in the non-PDE5I group. It does, however, 
demonstrate the positive effect of administering PDE5Is 
to patients who wish to remain potent after brachyther- 
apy treatment. 

Matsushima et al.** prospectively analysed change in 
erectile function using the IIEF questionnaire in a cohort 
of 119 men treated with brachytherapy (‘I seeds, 
without additional treatment with external beam radio- 
therapy, PDESI, or anti-androgen therapy) between 
2004 and 2010, with at least 12 months follow-up. 
There was a decrease in all HEF domains at 12 months 
after treatment, with a gradual onset of dysfunction 
over time. In the group of 48 patients who were potent 
prior to treatment, 16 men (33.3%) were potent at 12 
months after treatment; patient age (less or greater than 
70 years) was the only independent predictor of erectile 
dysfunction after treatment. This study is more unusual 
in that it represents a group of patients in whom erectile 
function was assessed without the use of PDESIs. 
However, given the widespread use of these agents, and 
in particular their suggested role in penile rehabilitation 
after treatment for prostate cancer, it may be less 
applicable to routine clinical practice. As with radical 
prostatectomy, PDESIs have a role in the treatment and 
prevention of erectile dysfunction after prostate radio- 
therapy. Schiff et al. showed that early use after brachy- 
therapy was associated with improved long-term 
erectile function. They described 210 men treated 
with brachytherapy, of whom 85 commenced treatment 
with PDE5Is within a year of treatment and 125 at least 
a year after treatment. Those treated earlier after 
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treatment had significantly better erectile function (both 
improvement and maintenance of function), compared 
to those treated later. 

Aside from the incidence of sexual and erectile 
dysfunction, the impact of these difficulties is also 
important for patients’ well-being. Cameron et al. 
showed that 1 month after treatment with either 
external beam radiation or combination treatment with 
brachytherapy, high-dose radiation, and external beam 
radiation, although sexual function was impaired, there 
was no change in the “bother”reported by patients.” 
This is in agreement with another study of health- 
related quality of life in the first year after low-dose 
prostate brachytherapy, which, despite a significant 
decrease in reported sexual function, showed no associ- 
ated reduction in sexual bother score during the year.” 
It may be that patients become more concerned about 
their sexual function in the longer-term, once anxiety 
around a cancer diagnosis and treatment has receded, 
and longer follow-up would be required to demon- 
strate this. 

The SPIRIT trial attempted to recruit men with favor- 
able-risk prostate cancer to be randomized to either 
radical prostatectomy or brachytherapy, but closed early 
due to poor recruitment. Crook et al. reported HRQOL 
outcomes from this group, in those randomly allocated 
and those who subsequently chose their treatment:°? 
achieving erection, erection quality and frequency, 
presence of morning erection, and ability for sexual 
function were all significantly better in men who were 
treated with brachytherapy. However, this group may 
also represent the differences conveyed by the surgeon 
or technician undertaking the procedure - men who 
underwent brachytherapy were all treated by a highly 
experienced technician, while those who underwent 
radical prostatectomy mostly returned to their local 
urologists, reducing the ability to compare the outcomes 
from the procedures. Van Tol-Geerdink et al. prospec- 
tively analysed quality of life in men with localized 
prostate cancer eligible for radical prostatectomy and 
radiotherapy (external beam or brachytherapy).”* The 
radical prostatectomy group showed worse scores in the 
sexual domain, and were more likely to report a clini- 
cally relevant reduction from baseline than external 
beam radiotherapy and brachytherapy. They concluded 
that radiotherapy is at least as good as prostatectomy for 
quality of life outcomes in the treatment of localized 
prostate cancer. 


Androgen deprivation therapy (ADT) 


Androgen deprivation therapy may be used as a primary 
treatment, in combination with other modalities as 
adjuvant or neoadjuvant therapy, or as a palliative 
treatment for advanced disease, and the earlier diag- 
nosis of prostate cancer has resulted in men being 
treated with ADT for increasing lengths of time. In 
addition to erectile dysfunction, men commonly report 
reduced libido, delayed orgasm, or inability to achieve 
orgasm, and these may all contribute to a feeling of 
reduced masculinity, in part caused by the reduction of 
testosterone to less than 5% of normal baseline levels. 
Some men who experience a reduced libido state that 
they want to be able to achieve erection solely for the 
benefit of their partner.” In a group of hypogonadal 
men, the use of testosterone replacement therapy to 
support morning erection significantly improved self- 
confidence.” This reflects the negative effect that erec- 
tile dysfunction may have upon quality of life, without 
even considering the additional effect that cancer 
treatment and survivorship may have. Moderate or high 
levels of anxiety and depression in men with localized 
prostate cancer are associated with both impaired sexual 
function and increased sexual bother.”® 

The ADT Survivorship Working Group was founded 
to identify and classify the problems associated with 
ADT in men with prostate cancer, and the implications 
for their partners. They identified seven domains — sexual 
changes, body feminization, relationship changes, 
cognitive and affective symptoms, fatigue, sleep distur- 
bance, and depression.” They recognized the additional 
element of reduced libido associated with ADT, and 
reinforce the importance of appropriate pre-treatment 
counseling for both patients and their partners. They 
also acknowledge the significant negative impact that 
this may have upon quality of life, and propose strat- 
egies such as minimization of potential side effects with 
different treatment approaches (such as transdermal 
patches and gels) and individualized interventions for 
medical and psychological consequences of treatment. 
This may include sex therapy techniques such as mind- 
fulness and cognitive awareness. PDE5Is may be less 
effective for these patients, and therefore psychosexual 
techniques may be more relevant to their functional 
recovery.” The effect of ADT upon relationships was 
examined by Walker and Robinson, who interviewed 
18 heterosexual couples about the changes in their 
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relationships that had occurred after ADT treatment.”* 
All of the couples reported changes in their sexual rela- 
tionships, including adjusting to changes in the sexual 
relationship, changes in their sexual dynamic, and 
changes in attitudes and perceptions about sexuality 
and their sexual relationship. 

The use of ADT in conjunction with other treatment 
modalities can have a further detrimental effect upon 
sexual function. Mazzola et al.” reported that erectile 
function was more negatively affected in a cohort of 34 
men who received neoadjuvant ADT prior to radical 
prostatectomy, compared to a matched control group of 
94 men who did not receive ADT (with a significantly 
lower number of men with IIEF EF domain scores 224 
after 18 months in the group treated with ADT). 

In order to control and reduce the bothersome poten- 
tial side effects of ADT, patients may be treated intermit- 
tently (intermittent androgen deprivation, IAD), with 
treatment and break length guided by PSA and testos- 
terone levels. Phase 3 studies have demonstrated that 
this improves tolerability of treatment, without compro- 
mising therapeutic effectiveness, as reflected by cancer 
progression and survival. It is hypothesized that IAD 
may delay the progression to castrate-resistant disease. 
However, investigation is still required to ascertain what 
PSA value should dictate restarting treatment, and for 
which patients this strategy is appropriate. A systematic 
review including over 2000 patients in phase 2 and 
3 clinical trials reported that IAD was as effective as 
continuous androgen deprivation, with the additional 
advantages of improved tolerability and quality of life.” 
This approach is now included in the European 
Association of Urology Guidelines on Prostate Cancer, 
advising that, in appropriate patient groups, IAD is not 
oncologically inferior to continuous treatment. 


Active surveillance 


Uptake of active surveillance as a therapeutic strategy 
for prostate cancer is increasing, and this choice impacts 
sexual function in several ways, in addition to age- 
related functional decline. The psychological impact of 
having an untreated cancer may have significant effects 
upon both patients and their partners. It has been 
hypothesized that erectile dysfunction may be associ- 
ated with repeated prostate biopsy during active surveil- 
lance protocols, asa result of damage to the neurovascular 


bundles. This risk may continue to increase as the 
number of needle passes into the prostate increases — the 
advantage of imaging providing a more accurate repre- 
sentation of the whole prostate may therefore be 
associated with increased potential side effects. Fujita 
et al. described their cohort of men on active surveil- 
lance (mean age 68.7 years; range 51-83 years).° Men 
completed the 5-Item Sexual Health Inventory for Men 
upon entry to the active surveillance protocol, and at a 
single date point thereafter. All had a 10-12 core biopsy 
at entry, and were recommended to have yearly biopsies. 
They found a correlation between increasing biopsy 
number and erectile dysfunction, in particular those 
who had had three or more biopsies, compared with 
two or fewer. However, this is in contrast to results from 
Hilton et al.,“* who found no significant association 
between increasing number of prostate biopsies and 
erectile dysfunction, once adjusted for age, sexual 
activity status, clinical disease stage, and time since diag- 
nosis. A systematic review of complications of prostate 
biopsy concluded that any negative effect of prostate 
biopsy upon sexual function is likely to be transient. It 
may be due to a combination of local damage and tem- 
porary inflammation, in combination with anxiety 
about the procedure.” 

Van den Bergh et al. compared sexual function in men 
on active surveillance with those treated with radical 
prostatectomy or radical radiotherapy.®® They showed 
that more men in the active surveillance group were 
sexually active (65-68% vs 36-37% after radiotherapy 
and 36% after either radiotherapy or radical prostatec- 
tomy), and more men in the treatment groups were not 
sexually active as a result of erectile dysfunction, rather 
than other reasons. This study is limited by the numbers 
who dropped out of active surveillance to proceed with 
interventional treatments, and by the non-randomized 
nature of the groups. Data from the population-based 
Eindhoven Cancer Registry were used to match 71 men 
diagnosed between 1994 and 1998 who would have 
been suitable for active surveillance (and who had been 
managed expectantly) with 71 demographically and 
clinically matched men treated with radiotherapy.‘ 
Health-related quality of life data were collected at 5 and 
10 years after diagnosis. Patients who underwent radio- 
therapy had reduced erectile function compared to 
those managed expectantly (68% of the radiotherapy 
group reported difficulty achieving erection, compared 
to 47% of those managed expectantly). 
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Ablative therapy 


Ablative therapy is a minimally invasive alternative to 
surgery or radiotherapy for men with localized prostate 
cancer. Ablative therapy can be delivered in a whole 
gland or focal manner. Focal therapy provides an 
alternative strategy to avoid the longer-term morbidity 
of whole gland treatments, by targeting the index 
lesion and therefore altering the natural history of 
disease. 


High-intensity focused ultrasound (HIFU) 
Whole-gland HIFU 

Berge et al. reported results from a registry of 259 
patients treated with whole-gland HIFU for localized 
prostate cancer between October 2004 and June 2012.68 
They found no significant difference in erectile function 
sufficient for intercourse before and after primary 
whole-gland HIFU treatment (although there was a 
significant increased use of PDESIs), and also reported 
no significant deterioration in sexual function after a 
repeat (redo) HIFU procedure (with no associated 
significant difference in PDE5I use). Multivariate anal- 
ysis revealed that patient age and redo-HIFU were asso- 
ciated with a decline in erectile function at last follow-up. 
However, reporting of sexual function data was not 
complete (in particular relating to baseline function), 
and therefore this may have introduced bias. Poissonnier 
et al.© reported that 61% of men maintained erectile 
function after whole-gland HIFU treatment, increasing 
to 69% in those who underwent treatment aiming to 
spare the neurovascular bundles. 


Focal HIFU 

The team at University College London have rigorously 
evaluated the functional and oncological outcomes of 
HIFU in prospective, IRB approved studies. The first of 
these assessed the use of hemi-ablation (right or left 
lobe) for men with unilateral cancer.” Fifteen of 20 men 
had intermediate-risk disease, and all had good erectile 
function preoperatively (IEF >20). After an initial 
reduction in erectile function (IIEF-15 reduced from 
>20 to 10 at 1 month), this recovered well at 3 months 
(men >20) with further improvement by 6 months. At 6 
months, 19 of 20 men had erections sufficient for 
intercourse, with one in three of these men requiring 
the use of a PDE5 inhibitor to achieve this. 


The next formal published study from this group used 
an index lesion approach, where indolent disease was 
left untreated, and treatment could be directed to less 
than half the gland.” This group included 42 men with 
a range of erectile function prior to treatment. Again, a 
reduction in potency at 1 month was noted, with 
recovery of erections sufficient for penetration in 80% 
by 3 months. 

The next study in this series will be a multicenter UK 
evaluation of the index lesion approach.” This includes 
rigorous pre- and post-treatment evaluation of sexual 
function and will show whether the favorable results 
seen in a highly experienced center can be replicated in 
newer centers. 


Cryotherapy 

Whole-gland cryotherapy 

Despite first being used in the 1960s, cryotherapy did 
not become a mainstream treatment strategy, in part 
due to severe side effects. Technical improvements have 
reduced potential morbidities and it is now under inves- 
tigation as a focal treatment for localized prostate can- 
cer. Asterling and Greene described 53 patients treated 
with an argon-based third-generation cryotherapy 
system.” They prospectively collected data at 6 weeks, 
then every 3 months up to 12 months, and then every 6 
months, with mean follow-up of 36 months. At 6 weeks 
after treatment, 96.3% had ED, with two patients 
(3.7%) having partial erections. Only one was potent 
(with PDES5Is) at 9 months, and six were able to achieve 
partial erections. At 24 months 24% (eight men) were 
potent and 9% (three men) had partial erections. Of 
men who were potent prior to treatment, 39% regained 
their potency by 24 months. 

Li et al. compared erectile function (in men who were 
potent prior to treatment, with IEF score 226) and 
penis size in patients who had undergone either HIFU 
or targeted prostate cryoablation.“ They found that 
those treated with cryotherapy had a significantly 
impaired erectile function compared to those who were 
treated with HIFU, with no change in penile size in 
either of the groups. All patients were encouraged to 
use both a vacuum erection device and PDESI for reha- 
bilitation after treatment. This study did not report full 
oncological outcomes, but did report no significant 
difference in mean PSA between the groups at each 
time point after the procedure (both groups showed a 
slowly increasing PSA). 
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Focal cryotherapy 
A number of authors have reported hemi-ablation 


studies using cryotherapy.” Postoperative potency in 
these studies was reported between 70% and 85%, 


although routine reporting of medication or devices to 


support erections was not done. The COLD registry 


reported on over 1000 men treated with focal cryo- 


therapy and analysed in a registry. In this larger, 


community-based group, 58% of men had spontaneous 


erections postoperatively.” This compares very favor- 


ably to men treated with whole gland cryoablation. 


Conclusion 


Long-term oncological and functional data for all out- 


comes following all modalities of prostate cancer 


treatment is required so that patients may be accurately 


counseled prior to making the important decision on 


which treatment to undertake. A lack of evidence for the 


effects of different treatment modalities in comparable 


groups has made pre-treatment counseling more diffi- 


cult, in part due to different patient demographics in 


each treatment modality group. Our ability to accurately 


counsel patients about both the likelihood of cure, and 


the chance of treatment-related morbidity will allow 


them to make informed choices about their treatment. 
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Background 


Terminology 

Whether gender identity issues have their basis in a 
psychiatric disorder, an intersex disorder, or a “disorder” 
at all is greatly debated and generates huge public and 
political fascination. In 2013, in a bid to abandon a 
psychopathological model and diminish stigma, the term 
“gender identity disorder” was replaced with “gender 
dysphoria” in the 5th edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5).' 

For an individual to be diagnosed with gender dys- 
phoria (GD), there must be a marked difference bet- 
ween that individual’s expressed or experienced gender 
and the gender others would assign him or her. This 
must be present for at least 6 months. Transsexual peo- 
ple or trans people have strong and long-lasting feelings 
of gender dysphoria. This is different to “transvestitism,” 
which refers to those where intense relief (often sexual), 
is obtained by dressing in clothes of the opposite gender. 
Transvestites do not wish to undergo gender reassign- 
ment, and indeed are predominantly heterosexual 
males with stable gender and sexual identity. 

GD remains a unique diagnosis that is reached by 
mental health professionals but for which treatment 
often involves endocrinologists, surgeons, and other 
professionals. Medical intervention can significantly 
improve the quality of life of an individual with GD, at 
very little relative cost. 


Incidence 

The prevalence of GD is difficult to estimate at best. 
Studies relating to GD epidemiology use indirect mea- 
sures of prevalence, usually the number of people who 
attend specialty hospital and university-based clinics 
serving as gateways for surgical and hormonal gender 
reassignment. Inclusion criteria in studies vary, and 
may include those who have been granted legal name 
change or gender status; those receiving hormones; 
those who have had full gender reassignment surgery; 
or those who have been diagnosed with GD. By 
counting only those people who present at clinics for a 
specific type of treatment, an unspecified number of 
gender dysphoric individuals may be overlooked. 
In actual fact, it is likely that those who seek formal 
medical help are only the tip of the iceberg, that is, the 
ones who are most severely affected. 

Most studies report that three times more men than 
women seek gender reassignment.” Estimates for male- 
to-female (MtF) GD range from 1 in 7400 in Scotland,’ 
to 1 in 42,000 in Germany.‘ In the UK, the estimate is 1 
in 10,000 for MtF GD, with an estimated doubling in 
referrals to specialist centers every 5-6 years.’ 


History 

GD, as it is now known, was first formally recognized in 
1950s by the American psychiatrist Harry Benjamin, 
who formalized diagnostic criteria in 1966; these have 
subsequently been refined in 2001, and most recently in 
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2011 (World Professional Association for Transgender 
Health Society version 7). 

In the second half of the 20th century, awareness of 
the phenomenon of GD increased and health profes- 
sionals began to provide assistance to alleviate the dis- 
order by supporting changes in primary and secondary 
sex characteristics through hormone therapy and sur- 
gery, along with a change in gender role. The initial 
clinical approach largely focused on identifying who 
was an appropriate candidate for gender reassignment 
to facilitate a physical change from male to female or 
female to male as completely as possible. As the field 
matured, health professionals recognized that while 
many individuals need both hormone therapy and sur- 
gery to alleviate their GD, others need only one of these 
treatment options and some need neither. The World 
Professional Association for Transgender Health, or 
WPATH (formerly known as the Harry Benjamin 
International Gender Dysphoria Association), is a 
professional organization dedicated to understanding GD. 
It provides information for professionals and consumers, 
offers ethical guidelines, and publishes the Standards of 
Care for the Health of Transsexual, Transgender, and 
Gender Non-conforming People, with the most recent 
version being published in 2011.6 


Nature or nurture? 

The exact etiology of GD is a much-pondered area 
of research. Early theories were based mainly on 
psychological perspectives, without supportive evidence- 
based data. These theories focused on the role of nurture 
(environmental and external psychological factors) as 
the cause. The earliest psychodynamic literature consid- 
ered that GD was due to a growing boy’s overly close 
relationship with his mother, compounded by an 
emotionally absent father.” 

Others considered that there was an extraordinary 
surge of female hormones in the fetal brain at a crucial 
time of development, resulting in a biologically normal 
male child but with a female identity.® 

By contrast studies over the past two decades from 
the Swaab group in Amsterdam advocate a neurological 
basis for gender identity with sexual morphological 
differentiation of the brain.”"'! They proposed that there 
is a region of the hypothalamus, known as the bed 
nucleus of the stria terminalis (BSTc), responsible for 
sexual behavior. This area is always larger in men than 
in women. The initial study of six MtF GD individuals 


was corroborated by a further study in 2000 on 42 MtF 
GD individuals.” The group confirmed that a female- 
sized BSTc was present in the MtF GD subjects. In 
addition the size of the BSTc was not influenced by tak- 
ing sex hormones in adulthood, implying that these 
individuals had a powerful biological force compelling 
them to be female, rather than just a psychological con- 
viction. In a 2008, a study by the same group demon- 
strated another sex-differentiated area in the brain, the 
hypothalamic uncinate nucleus, to have a relationship 
with gender identity.” 

Studies showing a higher proportion of left-handed 
individuals suffering from GD than right handed,” der- 
matoglyphics (fingerprint studies assessing total finger 
ridge count), and other studies including the use of 
functional MRI and positron emission tomography 
(PET), suggest that GD is probably best considered 
within the realm of intersex, and this is recognized in 
the most recent DSM classification. 


Legislation and guidelines 


International treatment guidelines are disseminated 
by the US-based World Professional Association for 
Transgender Health® (www.wpath.org). It is clear, how- 
ever, that implementation will vary in different national 
healthcare and legislative circumstances. In the UK, the 
Royal College of Psychiatrists guidelines apply.’* 

In 2004, the Gender Recognition Act was passed. It states 
that transsexuals and people with gender dysphoria can: 
e apply to change their birth certificate to reflect their 

chosen gender; 

e marry in their chosen gender after acquiring their 
new birth certificate. 


The UK pathway 


Successful management of GD relies on a properly func- 
tioning multidisciplinary team. The process in the UK is 
generally initiated by the patient’s general practitioner 
(GP), who must recognize the condition and refer to a 
specialist gender identity service. This service will 
include a psychiatrist, psychologist, endocrinologist, 
reconstructive surgeons (ear, nose, and throat, plastic, 
and urological), speech therapist, specialist nurse practi- 
tioner, and counselors, all with specific expertise in GD. 
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Mental health professionals are central to the process, 
providing support and treatment through each stage. 
Initial assessment includes a full psychiatric history with 
emphasis on psychosexual development, orientation, 
history, and current functioning.'’? Childhood gender- 
type behaviors and a history of cross-gender dressing 
are probed. Attempts to conform to cultural gender 
expectations are explored and the current marital or 
relationship status is noted. Pre-existing psychological 
disorder and substance abuse is also recorded. It is 
important to identify and/or exclude mental illness: at 
least 1 in 10 GD patients suffer from mental illness, 
genital mutilation, and attempted suicide.’® This may be 
an underestimation: a study of 51 patients requesting 
gender reassignment surgery demonstrated that 92% 
of males had psychiatric diagnoses other than GD, 
usually character disorders, with 8% suffering from 
schizophrenia.” 

Finally, the psychiatrist will explain the transition 
process. Reversible changes are addressed before 
irreversible ones, and no step should be undertaken 
unless the preceding steps have been accompanied 
by psychological and social improvement. Early and 
prompt treatment seems to be associated with better 
outcomes. '* 


Social transition (ST) 

Once accepted into the gender identity service, patients 

are expected to function full time in their communities 

in their chosen gender. They will be expected to 
demonstrate: 

1 Maintaining employment OR functioning as a student 
OR as a community-based volunteer. 

2 Acquiring a new (legal) first or last name. 

3 Providing documentation that persons other than the 
therapist know that the individual functions in the 
new gender role. 

Support from family, friends, and employers is para- 
mount to success in ST and may enable the patient to 
“pass” comfortably in the chosen role without “being read.” 

The ST tests resolve the capacity to function in the 
aspired-to gender, and the alignment of social, economic, 
and psychological supports. Some begin the ST and 
decide that this oft-imagined life direction is not in their 
best interest. However, in those individuals who feel 
otherwise, once agreed by appropriate professionals in 
the gender identity clinic, speech therapy, hair removal, 
and hormonal therapy may commence. 


Speech therapy 

Speech therapy focuses on raising pitch and modulating 
resonance to emulate the female voice. Instruction is 
also offered on establishing verbal and non-verbal cues. 
This is sometimes combined with surgery to alter the 
tension of the vocal cords and pitch, and a laryngeal 
shave to reduce the size of the “Adam’s apple.” 


Hair removal 
Formal medical approval is not required for general depi- 
lation, and this can be started whenever the patient feels it 
is prudent. Depilation of the face and body (including the 
scrotum if a scrotal flap is to be used for the neovagina) is 
arduous and expensive. Beard density is a genetically 
determined secondary sex characteristic and is not signifi- 
cantly slowed by cross-sex hormone administration. Most 
commonly employed options are electrolysis and laser, 
which are safe but time-consuming, often taking up to 2 
years of regular treatments to be effective. Side effects 
include discomfort during and immediately after the 
procedure, and, less frequently, hypo- or hyperpigmen- 
tation, scarring, and folliculitis. 

Options for thinning hair on the head may include 
wigs, hair extensions, and medical therapy such as 
finasteride and minoxidil. 


Hormones 
Hormone therapy for MtF transition is unlicensed, 
and prior to starting therapy it is imperative that 
the individual understands the desired and unwanted 
effects and undertakes to comply with monitoring. 
Prior to commencement, general advice is given 
regarding a sensible diet, weight maintenance within 
normal limits, reduction of alcohol, smoking cessation, 
and the importance of regular exercise. Patients should 
be counseled regarding future fertility, and the opportu- 
nity for sperm storage before hormone treatment should 
be offered. A signed consent from the patient is obtained. 
General practitioners, working under the guidance of 
the gender identity service, may prescribe hormone 
therapy from the outset and should continue to do so 
after patients are discharged from the gender identity 
service.'® 
Endocrinological feminization is achieved by 
androgen suppression, which can be achieved by: 
1 Agents that suppress the production of gonadotropin- 
releasing hormone (GnRH). 
2 Suppression of luteinizing hormone (LH) production. 
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3 Inhibiting the production of testosterone or its meta- 
bolism to dihydrotestosterone (DHT). 

4 Blocking the binding of androgens to receptors in 
target tissues. 

Commonly used agents include: cyproterone acetate 
(androgen receptor blocker); spironolactone (interferes 
with testosterone production); finasteride (prevents 
conversion of testosterone to potent metabolite DHT); 
LH releasing hormone (LHRH) analogs (continuous 
production of LH from stimulation of the pituitary gland 
results in testosterone inhibition via negative feedback); 
and estrogen (direct stimulation of receptors in target 
tissues). 

Feminization effects achieved include: breast growth, 
some redistribution of body fat to approximate a female 
body habitus, decreased upper body strength, softening 
of skin, reduction in body hair, slowing or stopping the 
loss of scalp hair, decreased fertility and reduction in tes- 
ticular size, and less frequent, less firm erections. Most 
of these changes are reversible, although breast enlarge- 
ment will not completely reverse after discontinuation 
of treatment. The degree of desired effects actually 
attained varies with heredity and the individual, and 
the maximal effect may not be appreciated until there 
has been 2 years of continuous treatment. Hormones 
alone often generate adequate breast development and 
may preclude the need for augmentation mammoplasty. 
The chance of successful breast development is maxi- 
mized if native testosterone is first ablated with LHRH 
analogs, and estrogens are then introduced gradually. 
(L. Seal, personal communication, 2011). It follows 
then that some patients who receive hormonal 
treatment will not desire surgical interventions. 

Estrogen is the principal agent used. Typical doses of 
estrogens are two to three times higher than the recom- 
mended dose for natal women, unless testosterone is 
ablated by other means, with a subsequent 20-fold 
increase in venous thrombosis for MtF patients on femi- 
nizing hormones.'? Cigarette smoking and estrogen 
therapy in combination substantially increase thrombosis 
risk, and smoking cessation is strongly recommended. 
There is also a reported risk of raised prolactin levels and 
symptomatic prolactinomas.*°*! Other unwanted effects 
include infertility, weight gain, emotional lability, and 
liver disease. There are often important social effects 
from taking hormones, which the patient must consider, 
primarily relationship changes with family members, 
friends, and employers. 


Anti-androgens may be used as adjunctive treatments 
in those receiving estrogens to more profoundly sup- 
press the production of testosterone, enabling a lower 
dose of estrogen to be used, especially when adverse 
estrogen side effects are anticipated. 

Viable options for delivery of the hormones include 
oral, injectable, and transdermal systems. Topically 
applied hormonal creams have not been shown to 
produce adequate feminization effects, but the use of 
transdermal estrogen patches should be considered 
for males over 40 years of age or those with clotting 
abnormalities or a history of venous thrombosis. 

Relative contraindications for hormone therapy 
include cigarette smoking, obesity, advanced age, heart 
disease, hypertension, clotting abnormalities, malignancy, 
and some endocrine abnormalities. 

Even in healthy individuals, monitoring is required: 
enquiring about treatment effects and side effects, blood 
pressure measurements before and during treatment, 
and weight measurements are essential. For those 
receiving estrogens, a pre-treatment free testosterone 
level, fasting glucose, liver function tests, and full blood 
count with reassessment at 6 and 12 months and annu- 
ally thereafter are required. A pre-treatment prolactin 
level should be obtained and repeated at 1, 2, and 3 
years. If hyperprolactinemia does not occur during this 
time, no further measurements are necessary. 

Estrogens are usually discontinued 6 weeks before 
genital surgery to minimize the thrombosis risk. In 
patients who were taking LHRH analogs, their original 
dose of estrogen may usually be recommenced 2 weeks 
after gender reassignment surgery. Where estrogen is 
used in isolation, the dose after surgery is typically one- 
third to one-half of the preoperative dose. Lifelong 
maintenance treatment is usually required 


Male-to-female genital 
reconstructive surgery 


The operation of MtF genital reconstruction has the 
following components: 

e Penectomy and bilateral orchidectomy 

e Formation of a cavity for the vagina 

e Sourcing an epithelial lining for the vaginal cavity 

e Urethrostomy 

e Clitoroplasty 

e Labioplasty. 
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There are numerous techniques for achieving these, the 
commonest of which will be discussed here. 


Penectomy and orchidectomy 

The technique for orchidectomy is very simple; the 
spermatic cords are ligated at the level of the inguinal 
canal and the testes removed. It is important, in the 
authors’ experience, to ensure that the ligated cord lies 
within the inguinal canal, and does not become teth- 
ered to skin and subcutaneous tissues in the new labia, 
where a painful neuroma may subsequently become 
apparent. The skin of the penis is used elsewhere in the 
operation, and part of the glans is used by most sur- 
geons to form a clitoris (see below). The bulbar urethra, 
and part of the penile urethra, are separated from the 
degloved penis. The remaining penile tissue is excised. 
Some surgeons advocate complete removal of the 
cavernosal bodies from the ischial tuberosities, but the 
authors have not experienced any problems in patients 
where this tissue is left in place. In any case, the natal 
female has erectile tissue in this site: the corpora 
clitoridis. 


Formation of the vaginal cavity 

Two approaches are commonly used. In the first, the 
bulbospongiosus muscle is dissected from the corpus 
spongiosum back to the perineal body. A small incision 
at the insertion of the bulbospongiosus into the perineal 
body allows the surgeon’s finger to enter the plane bet- 
ween the prostate and rectum. A finger of the other 
hand in the rectum is then used as a guide to deepen 
this cavity by blind blunt dissection, before retractors 
can be inserted to demonstrate the new space. 
Alternatively, a urethral sound (or Lowsley prostatic 
retractor) is placed in the bladder, and used to push the 
prostate down towards the perineum. The apex of the 
prostate is identified by palpation, and the perineal 
muscles and perineal body are divided by sharp dissec- 
tion under vision until the plane of Denonvilliers (which 
is continuous with the pelvic peritoneum) is entered at 
the apex of the prostate. Vaginal retractors may then be 
inserted to open the cavity between the rectum and 
prostate. This latter technique is favored by the authors. 


Lining the vaginal cavity 

The need for a vagina is linked to personal identity 
rather than the need to be sexually active. In the UK, 
the penile skin tube is most commonly used to form the 


lining of the neovaginaa. It is ideal because it is smooth, 
hairless, elastic, and has only thin connective tissue. 
When the penis is of normal adult dimensions and 
uncircumcised, the penile skin tube can be used exclu- 
sively for the lining of the vagina and is the technique of 
choice. The technique described may provide a neovaginal 
depth of up to 18cm. 

If the penile skin tube is deemed inadequate or where 
penile skin is used to produce labia, scrotal skin may be 
used either as a vascularized flap or as a free skin graft. 
If scrotal skin is to be used, this must be identified pre- 
operatively as depilation should be organized to reduce 
the risk of future development of “hairballs” within the 
vagina, although it is possible to scrape hair follicles 
from the back of a free graft peroperatively. Other prob- 
lems with scrotal skin is that it is rugose and has a fatty 
layer that may predispose to vaginal tube prolapse, 
forming a less secure bond to surrounding tissues than 
skin alone. Scrotal skin may be used as a pedicled flap 
on the posterior scrotal arteries. Alternatively, it may be 
used as a free flap, in which the skin is denuded of its fat 
and dartos layer; however, the risk of graft failure is 
higher in comparison to a pedicled flap. Free skin grafts 
derived from the abdominal wall or thigh may also be 
used to augment skin tubes when the depth of the 
resulting vagina is inadequate, but these may display 
shrinkage or lack of sensation. 

The sigmoid colon, right colon, or ileum may be used 
to provide an epithelial lining for the neovagina. The 
bowel segment can be obtained either using a 
Pfannenstiel or lower midline incision, or laparoscopi- 
cally. The disadvantage of bowel segment vaginoplasty 
is the continuous production of mucus (which if not 
excessive has the advantage of providing lubrication), 
sometimes requiring pad usage, the future risk of 
defunction colitis, and stenosis at the muco-cutaneous 
junction.” Although bowel segment is used as a pri- 
mary source of vaginal lining in Iran, in our center it is 
used principally as a salvage technique when skin tube 
vaginoplasty has failed. The increasing number of 
adolescent patients who undergo puberty arrest before 
developing adult genitalia, in whom genital skin is 
relatively deficient, makes it likely that bowel segment 
surgery will increase in the future. 

Sacrospinous ligament fixation has been shown to 
reduce the risk of vaginal skin tube prolapse,** but is 
not universally used. In the authors’ center, the rate of 
prolapse is below 1% without using fixation. 
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Clitoroplasty 

Rubin first described the use of the glans penis as the 
neoclitoris in gender reassignment surgery.” Although 
this was cosmetically and functionally adequate, Rubin 
used the corpus spongiosum as the pedicle and the tech- 
nique was thwarted by development of urethral fis- 
tulae. Fang et al. subsequently described the preservation 
of the dorsal neurovascular bundle to the glans,” with 
excellent rates of preservation of tactile and erogenous 
sensitivity.” This neurovascular bundle lies between the 
tunica albuginea and Buck’s fascia, and may be dissected 
free with relative ease, giving a vascularized, sensate 
piece of glans penis that can then form the clitoris. 


Labioplasty 

The techniques available for realistic labia minora very 
much depend on the tissues that have been used for 
vaginoplasty. If the vagina is formed entirely (or mainly) 
of scrotal skin or bowel segment, the entire skin of the 
penis may be used to create labia minora, a technique 
adopted by most Thai surgeons. Other surgeons pre- 
serve part of the prepuce attached to the glans penis 
used in clitoroplasty to achieve a similar effect.” Both of 
these techniques reduce the quantity of penile skin 
available for vaginoplasty and may make the use of a 
scrotal flap essential when it might not otherwise have 
been. Even when the entire penile skin tube is used for 
the vagina, small labia minora may be produced, with or 
without a second stage. 


Urethrostomy 

The simplest way of forming the urethrostomy is to 
divide the urethra in the bulb, and anastomose the skin 
to the urothelium. This, however, has a high incidence 
of subsequent urethral meatal stenosis, and also tends to 
result in antegrade micturition. The other drawback is 
that the corpus spongiosum is largely untouched, which 
results in a bulge behind the urethra, which grows on 
arousal. In addition to looking unsightly, this can 
obstruct the vaginal introitus during sex. For this reason, 
most surgeons will spatulate the urethra, and resect 
some of the erectile tissue that surrounds it. The result- 
ing wide anastomosis to the perineal skin has a much 
lower rate of stenosis, and the moist urethral epithelium 
gives a very satisfactory cosmetic result. This comes 
with an increased risk of bleeding in the 48 hours 
after surgery, but this can almost always be managed 
conservatively. 


Surgical complications 


Thromboembolic complications 

Thromboembolic complications may occur following 
genital reconstructive surgery, with risk factors 
including: prolonged surgery, pelvic surgery, prior use of 
thrombotic agents such as estrogen, immobilization 
postoperatively in some units, in addition to normal risk 
factors (e.g. smoking). Prevention of such complications 
involves pre- and postoperative low molecular weight 
heparin, thromboembolic deterrent stockings (TEDS), 
pneumatic calf compression intraoperatively, early 
mobilization, and careful patient positioning. Despite 
this, pulmonary emboli,” deep vein thrombosis (DVT),? 
cerebral ischemia,” and compartment syndrome”? have 


been reported. 


Perineal nerve damage 
This can be prevented with careful patient positioning. 


Bleeding and labial hematoma 

Bleeding occurs in 10% of cases,” despite meticulous 
technique, and usually arises from the corpus spongio- 
sum surrounding the urethra. Bleeding can be arrested 
by manual pressure and only rarely requires return to 
theater but may necessitate administration of blood 
products. It may also manifest as a labial hematoma, 
which can be managed conservatively but may increase 
the risk of wound dehiscence. 


Rectovaginal fistula 

Rectal laceration has been reported in 0.75-2% of 
cases,*°*4 and may predispose to the formation of a 
fistulous connection between the rectum and neova- 
gina. It is difficult to estimate the true incidence of this 
devastating complication and it is probable that it is, in 
actual fact, under-reported. 

The etiology is poorly understood, and when a rectal 
injury is not seen at the time of dissection, we propose 
that fistula development results from vascular injury to 
the front wall of the rectum. During creation of the 
neovagina cavity, connective tissue is stripped from the 
front wall of the rectum at the junction between two 
arterial supplies: the inferior mesenteric artery above 
and the hemorrhoidal vessels below. Damage to this 
“watershed” region may cause breakdown or thinning 
of rectal mucosa in this area. This would explain why 
a misdirected dilator pushed by a patient into an 
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otherwise normal rectum has been reported to result in 
rectovaginal fistula. As a result, a dilator with a ventrally 
pointing tip has been recommended to avoid this 
problem.” 

If there is a small breach of the rectal mucosa at the 
time of surgery, primary closure may be adequate to 
allow healing without a covering colostomy, which may 
be required if an extensive injury is evident. If a fistula 
does develop, a defunctioning colostomy will allow 
50% of fistulae to heal, the remainder requiring further 
surgery, with a few difficult cases requiring removal of 
the neovagina.*” 

Prevention of a rectovaginal fistula is only by meticu- 
lous dissection dorsally from the perineal body to the 
prostate along Denonvilliers fascia up to the tip of the 
seminal vesicles, as suggested by Amend et al.,” 
combined with a high index of suspicion. 


Lower urinary tract complications 

Commonly reported functional urinary problems after 
vaginoplasty include stress urinary incontinence or 
urgency symptoms (66%), obstruction (33%), and 
urinary tract infections (2%);7**43? these may be 
treated as in natal females. 

Urethral meatus stenosis occurs in 3-4% of cases 
(G. Selvaggi and J. Bellringer, unpublished work), with 
patients typically presenting 2 months after primary 
surgery, initially with reduction in urine flow, and then 
dribbling incontinence from chronic retention of urine. 
These patients require revision of the meatus, which is 
usually effective, although a few do go on to long-term 
intermittent catheterization. Progressive obstructive 
voiding disorder due to meatal stenosis was reported as 
a major complication of penile inversion vaginoplasty.*”° 


Vaginal complications 

Vaginal complications, including loss of depth and/or 
width, prolapse of the neovagina, and hair growth are 
probably markedly under-reported, as up to two-thirds 
of patients are not sexually active or do not need 
much vaginal depth and width for their chosen sexual 
activities. 

Loss of depth may result from skin loss, and correction 
of this usually necessitates enterovaginoplasty. Some 
centers use abdominal skin grafts in this circumstance, 
and a modification of the Davidov technique (originally 
described for the treatment of vaginal agenesis in natal 
women) has also been described. Failure to follow a 


proper dilation regime may also result in loss of both 
vaginal width and depth. 

Hair growth will occur if scrotal skin is used and the 
skin has not been subjected to depilation, either pre- or 
perioperatively. Once hair growth is seen in the vault of 
the neovagina, little can be done to prevent its continued 
growth, and a number of patients will have to return at 
intervals for removal of hairballs. 

Neovaginal stenosis is reported in 4-10% of 
patients after a combined penile-scrotal-skin-inversion 
technique.?*?!*4 

Neovaginal prolapse can occur immediately postoper- 
atively on removal of the vaginal pack or at a later date. 
Sacrospinous ligament fixation has been reported to 
prevent this at 5-year follow-up,“ but this does require 
careful preparation and placement of the anchoring 
sutures to prevent rectal and vascular injury. 

Hyposensation of the neoclitoris** and neoclitoral 
necrosis” have been reported in the literature. 


Non-genital surgery 


Non-genital surgery may include: facial feminization 
(brow elevation, rhinoplasty, ear pinning, cheek aug- 
mentation, chin and jaw reduction); breast augmenta- 
tion; hair transplantation; vocal cord and laryngeal 
surgery; as well as non-surgical procedures. 


Follow-up and patient satisfaction 


Satisfaction in a sometimes demanding patient 
population needs to fulfill both cosmetic and functional 
criteria: esthetic appearances similar to the natal female 
genitalia; adequate neovaginal depth and neoclitoral 
sensation to achieve orgasm; lubrication and lack of 
neovaginal pain® — these are all factors that must be 
considered. Satisfying the patient’s esthetic goals is as 
important as achieving vaginal capacity.” Factors that 
positively correlate with long-term satisfaction include: 
young age, supportive family, and adequate social 
support.’® In contrast, postoperative dissatisfaction is 
more likely in those in whom there is personal and 
social instability before surgery, poor body image, and 
age over 30 years.“ 

Retrospective follow-up studies suggest that about 


80% of patients undergoing the procedure are pleased 
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with the functioning and cosmetic appearance of their 
genitalia.” In the account by Amend et al. of 24 patients 
who underwent MtF reconstruction, the mean post- 
operative vaginal depth was 11cm (range: 10-14cm), 
with a diameter of 3-4cm. Eight patients (33%) 
reported regular sexual intercourse, and 100% of their 
patients were satisfied with neovaginal functionality, 
outcome, and cosmetic results. Neoclitoral sensation 
was excellent in 18 patients (78%), good in five (19%), 
and unsatisfactory in one patient. Only 1-1.5% of 
MtFs experienced persistent regret following gender 
realignment surgery.** Our experience would support 
these findings. 
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